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SECTION 
1 


INTRODUCTION 
TO 


MICROCHIP 
TECHNOLOGY 
INC. 


Motivated by customer 
requirements .... 


...and powered by continuous 
improvement ... 


...riding, leading and pushing 
the wave of technological 
change. 


SERVING 
A COMPLEX AND 


COMPETITIVE 
WORLD WITH FIELD- 
PROGRAMMABLE 
EMBEDDED CONTROL 


SYSTEM SOLUTIONS 


"Microchip 
Technology 
draws its impetus 
from the technol- 
ogy expectations 
of a large base of long-standing 
customers. 


Microchip is small enough to respond quickly with technology 
to serve our customers' needs. Moreover, as a fUlly integrated 
IC manufacturer, 
Microchip deploys its panoply 
of resources 
to act timely and efficiently, and on a worldwide scale: 
Tech- 
nology 
Development, 
Design, 
Wafer Fabrication, 
Assembly 
and Test, Quality, Reliability and Customer 
Support . 


"Worldwide competition leaves no room for divergence or medi- 
ocrity. Microchip Technology, committed to focus on and continu- 
ously improve all the aspects of its business, has a unique 
corporate culture. 
To improve performance, our employees are 
encouraged 
to analyze their methods continually. 
Personal 
empowerment expands the capability of personal responsibility to 
continually serve our customers better. 


"Our industry's life-line is innovation. The fast pace of technologi- 
cal change is inherent in our industry. Microchip Technology has 
accelerated the rate of change of its technology and products to 
leadership in providing user-programmable 
space-sensitive em- 
bedded control solutions. 


"Change is our ally. 
Driving and managing customer-focused 
change is our winning strategy .• 


Steve Sanghi 
President & Chief Executive Officer 


• 


Microchip Technology Incorporated 


MICROCHIP 
TECHNOLOGY 
INCORPORATED 


Company Profile 


• Focused on providing 
high-performance, 
field- 
programmable 
embedded 
control solutions 


• An experienced 
executive 
team focussed on 
innovation 


• Offers RISC 8-bit user-programmable 
microcon- 


trollers and supporting 
logic products 


• Offers Serial and Parallel EEPROMs and 
EPROMs 


• Complementary 
Application 
Specific Standard 
Products 


• 
Fully integrated 
manufacturing 


• A global network of manufacturing 
and customer 
support facilities 


• A unique corporate 
culture dedicated 
to continu- 
ous improvement 


Chandler, Arizona: 
Company headquarters near Phoenix, Arizona; execu- 
tive offices, R & 0 and wafer fabrication occupy this 
142,OOO-square-footfacility. 


Microchip Technology Inc. manufactures and markets a 
variety of VLSI CMOS semiconductor components to 
support the field-programmable embedded control mar- 
ket. 
In particular, the company specializes 
in highly 
integrated, field-programmable 
RISC microcontrollers, 


application specific standard products and related non- 
volatile memory products to meet growing market re- 
quirements for high performance, yet economical em- 
bedded control capability in an increasing number of 
price-sensitive products. 
Microchip's products feature 
the industry's most economical OTP (one-time program- 
mable) capability, along with the compact size, inte- 
grated functionality, ease of development and technical 
support so essential to timely and cost-effective product 
development by our customers. 


Microchip targets selected markets where our advanced 
designs, progressive process technology and industry 
leading operating speeds enable us to deliver decidedly 
superior performance. 
The company has positioned 
itself to maintain a dominant role as a supplier of high 
performance field-programmable 
microcontrollers 
and 
associated memory and logic products for embedded 
control applications. 


Tempe, Arizona: 
New 170,OOO-square-footwafer fabrication facility. 


Microchip Technology Incorporated 


Microchip Technology Incorporated is a leading supplier of field-programmable 
embedded control solutions by 
providing Rise microcontrollers and related non-volatile memory products. 
In order to contribute to the ongoing 
success of customers, shareholders and employees, our mission is to focus resources on high value, high quality 
products and to continuously improve all aspects of our business, providing a competitive retum on Investment. 


Customers 
Are Our Focus: We establish successful 
customer partnerships by exceeding customer expec- 
tations for products, services and attitude. We start by 
listening to our customers, earning our credibility by 
producing quality products, delivering comprehensive 
services and meeting commitments. We believe each 
employee must effectively serve their Internal custom- 
ers in order for Microchip's external customers to be 
properly served. 


Quality 
Comes Arst: 
We will perform correctly the 
first time, maintain customer satisfaction and measure 
our quality against requirements. 
We practice effec- 
tive and standardized improvement methods, such as 
statistical process control to anticipate problems and 
implement root cause solutions. We believe that when 
quality comes first, reduced costs follow. 


Continuous 
Improvement 
Is Essential: 
We utilize 
the concept of "Vital Few" to establish our priorities. 
We concentrate 
our resources on continuously 
im- 
proving the Vital Few while empowering each em- 
ployee to make continuous improvements in their area 
of responsibility. We strive for constructive and honest 
self-criticism to identify improvement opportunities. 


Employees 
Are Our Greatest Strength: 
We design 
jobs and provide opportunities promoting employee 
teamwork, productivity, creativity, pride in work, trust, 
integrity, fairness, involvement, development and em- 
powerment. 
We base recognition, advancement and 
compensation on an employee's achievement of ex- 
cellence in team and individual performance. 
We 
provide for employee health and welfare by offering 
competitive and comprehensive employee benefits. 


Products 
And Technology 
Are Our Foundation: 
We make ongoing investments and advancements in 
the design and development of our manufacturing 
process, device, circuit, system and software tech- 
nologies to provide timely, innovative, reliable and cost 
effective products to support current and future market 
opportunities. 


Total Cycle Times 
Are OptimiZed: 
We focus re- 


sources 
to optimize cycle times to our internal and 
extemal 
customers 
by empowering 
employees 
to 
achieve efficient cycle times in their area of responsi- 
bility. We believe that cycle time reduction is achieved 
by streamlining 
processes 
through the systematic 
removal of barriers to productivity. 


Safety Is Never Compromised: 
We place our con- 


cern for safety of our employees and community at the 
forefront of our decisions, policies and actions. 
Each 


employee is responsible for safety. 


Profits And Growth Provide For Everything 
We Do: 
We strive to generate and maintain competitive rates 
of company profits and growth as they allow continued 
investment for the future, enhanced employee oppor- 
tunity and represent the overall success of Microchip. 


Communication 
Is Vital: 
We encourage appropri- 


ate, honest, constructive, and ongoing communication 
in company, customer and community relationships to 
resolve issues, exchange information and shareknowl- 
edge. 


Suppliers, 
Representatives, 
And Distributors 
Are 
Our Partners: 
We strive to maintain professional and 
mutually beneficial partnerships with suppliers, repre- 
sentatives, and distributors who are an integral link in 
the achievement of our mission and guiding values. 


Professional 
Ethics Are Practiced: 
We manage our 
business and treat customers, employees, sharehold- 
ers, investors, suppliers, distributors, representatives, 
community and government in a manner that exempli- 
fies our honesty, ethics and integrity. 
We recognize 
our responsibility to the community and are proud to 
serve as an equal opportunity employer. 


FULLY INTEGRATED 
MANUFACTURING 


A GLOBAL NETWORK 
OF 


PLANTS AND FACILITIES 


A PRODUCT FAMILY OF 
SHARED STRENGTHS 


t ACl~XX 


I ACl6CXX 
~.• 


~ 
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CMOS 
PIC16117 
Microcontroller Families 
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Microchip delivers fast tumaround through total control over all phases of 
production. Research and development, design, mask making, waferfabrica- 
tion, assembly and quality assurance testing are conducted 
at facilities 


owned and operated by Microchip. Our integrated approach to manufacturing 
along with rigorous use of advanced statistical process control (SPC) and a 
continuous improvement culture has brought forth tight product consistency 
levels and high yields which enable Microchip to compete successfully in 
world markets. Microchip's unique approach to SPC provides customers with 
excellent costs, quality, reliability and on-time delivery. 


Microchip 
is a global competitor 
providing 
local service to the world's 


technology centers. The Company's focal point is the design and technology 
advancement facility in Chandler, Arizona. Product and technology develop- 
ment is here, along with front-end wafer fabrication and electrical probing. 


In late 1993, Microchip purchased a second wafer fabrication facility in 
Tempe, Arizona - thirteen miles from its existing Chandler, Arizona, opera- 
tions. 
The additional 170,000 square foot facility will be equipped with 


process equipment for use in meeting future production volumes beyond 
those which could be efficiently produced in Microchip's single existing wafer 
facility. 
Initial production from the new Tempe facility is anticipated to begin 


by late 1994. 


Microchip's 
assembly and test facility in Kaohsiung, Taiwan houses the 


technology and modern assembly methods necessary for plastic and ceramic 
packaging. 
Other quality-eonscious 
firms which fabricate wafers in the 


Pacific Rim use Microchip's Kaohsiung plant for assembly. 


Sales and application offices are located in key cities throughout the Westem 
Hemisphere, Pacific Rim and Europe. Offices are staffed to meet the high 
quality expectations of our customers, and can be accessed for technical 
support, purchasing information and failure analysis. 


Microchip's 
product focus is CMOS field-programmable 
microcontrollers, 


non-volatile memories and peripherals, and application specific standard 
products (ASSP). 
These product lines include PIC16117 microcontrollers, 


Serial and Parallel EEPROMs, high-speed EPROMs, and peripherals in a 
broad range of product densities, speeds and packages. 


H9'l End 
16-Bit 
InoltUction 


PIC16/17 microcontrollers from Microchip combine high performance, low 
cost and small package size. They offer the best price/performance ratio in 
the industry. 
Large numbers of these devices are used in automotive and 


cost-sensitive consumer products, computer peripherals, office automation, 
automotive control systems, security and telecommunication 
applications. 


The widely-accepted 
CMOS PIC16CXX and PIC17CXX families are the 
industry's only 8-bit microcontrollers using a high-speed RISC architecture. 
Microchip pioneered the use of RISC architecture to obtain high speed and 
instruction 
efficiency. 
The CMOS 
PIC16CXX 
family is in high-volume 


production, with more than 60 million units shipped, and has achieved more 
than five thousand design wins worldwide. 


The PIC17CXX family offers the world's fastest execution performance of any 
8-bit microcontroller family. 
The PIC17CXX family extends the PIC16/17 


microcontroller's 
high-performance 
RISC architecture with a 16-bit instruc- 


tion word, enhanced instruction set and powerfUl vectored interrupt handling 
capabilities. 
The first member of the family, the PIC17C42, includes a 


powerful array of intelligent and precise on-chip peripheral features that are 
ideally suited for many demanding real-time embedded control applications 
inclUding motor control, process control, security, automotive and medical 
applications. 
In addition, the PIC17C42 can function either as a stand-alone 


microcontroller or can execute instructions from up to 64K words of extemal 


Mid-Range 


14-81t 
Instruction 


Microchip Technology Incorporated 


program memory. The PIC17C42 features comprehensive timer/counter 
resources and I/O handling capabilities to address the requirements of 
complex embedded control applications. 


Current CMOS PIC16117 microcontroller 
product families include ad- 


vanced features such as sophisticated timers, embedded AID, extended 
instruction/data 
memory, inter-processor 
communication 
and ROM, 


EPROM and EEPROM memories. 


Both PIC 16CXX and PIC17CXX families are supported by user-friendly 
development systems including programmers and emulators. 


The PICMASTERn. 
is an advanced real-time in-circuit emulator system 


using 
the 
user-friendly 
Windows'" 
software 
environment. 
The 


PICMASTER 
is a Microchip-designed 
universal 
emulator 
for both 


PIC16CXX and PIC17CXXfamilies. 
The PRO MATETMis an advanced 


full-featured programmer. 
PICSTARTTMis a low-cost development kit 


which includes an assembler, simulator and programmer. 


Both PIC16117 microcontroller families are supported by assemblers, 
linker/loaders, 
libraries and a source-level debugger. 
The PIC16CXX 


family is also supported by a software simulator. 


Customers can obtain on-line updates on Microchip Development Sys- 
tems and Support Software via the Bulletin Board System (BBS). Please 
refer to the Microchip BBS product brief in Section 9 for specific access 
information. 


Microchip offers one ofthe broadest selections of CMOS Serial EEPROMs 
on the market for embedded control systems. 
Serial EEPROMs are 


available in variety of densities, operating voltages, bus interface proto- 
cols. operating temperature ranges and space saving packages. 
The 


company has developed the world's first 64K Smart Serial™ EEPROM 
which currently offers four times the speed, four times the memory and 
four times the features of any competitive 
2-wire Serial 
EEPROM. 


Device dens~ies range from 256K bits up to 64K bits. In addition to 5 volt- 
only operation, Microchip offers Serial EEPROMs that read and write 
down to 2.5, 2 or 1.8 votts. I'CTI., MicrowireTl' and 4-wire bus interface 
protocols are standard. 
Devices come in three standard operating 


temperature 
ranges; commercial, 
industrial and automotive. 
Small 


footprint packages include: 8-lead DIP, 8-lead SOIC inJEDEC and EIAJ 
body widths 
and 14-lead SOIC. 
Other key features 
of the Serial 


EEPROM product line include: electrostatic discharge (ESD) protection 
greater than 4K volts and endurance of 100K cycles minimum and one 
million typical. 


Microchip is a high-volume supplier of Serial EEPROMs to all the major 
markets worldwide, including consumer, automotive. 
industrial, com- 


puter and communications. 
To date, more than 100 million units have 


been produced. 
Microchip is continuing to develop additional unique 


Serial EEPROMs. 


The CMOS Parallel EEPROM devices from Microchip are available in 
4K, 16K and 64K dens~ies. The manufacturing process used for these 
EEPROMs ensures 10,000 to 100,000 write and erase cycles typically. 
Data retention is more than 10 years. Fast write times are less than 200 
lISec. These EEPROMs work reliably under demanding conditions and 
operate efficiently at temperatures from -40°C to +125°C. Microchip's 
expertise in advanced SOIC, TSOP and VSOP surface mount packaging 
supports our customers' needs in space-sensitive applications. 


APPLICATION 
SPECIFIC 
STANDARD 
PRODUCTS 


(ASSP) 


OTHER MICROCHIP 
PRODUCTS 


A HISTORY OF 
INNOVATION 


Microchip Technology Incorporated 


Typical applications include computer peripherals, engine control, pattern 
recognition and telecommunications. 


Microchip's CMOS EPROM devices are produced in densities from 64K to 
512K. High Speed EPROMs have access times as low as 55 nanoseconds. 
Typical applications 
include computer peripherals, 
instrumentation, 
and 


automotive devices. Microchip's expertise in Surface Mount Packaging on 
SOIC, TSOP and VSOP packages led to the development of the Surface 
Mount one-time-programmable 
(OTP) EPROM market where Microchip is 


the #1 supplier today. 
Microchip is also a leading supplier of low-voltage 


EPROMs for battery powered applications. 


Microchip's new Application Specific Standard Product (ASSP) Division 
provides value-added embedded control solutions by combining PIC16/17 
microcontroller architecture with innovative software, silicon and assembly 
technology. 
These products incorporate technology that will offer a com- 


plete solution that is both unique to the customer and standard in manufac- 
ture to Microchip. The mission of this family is to offer a complete solution 
which reduces or removes the barriers for customers 
to use Microchip 


solutions in their products through the use of software embedded in secure 
OTP- or ROM-based microcontrollers. The family is packaged to provide the 
highest integration to the customer at the best overall system cost. 


The MTA 11XXX family is the most accurate and most integrated battery 
management and charging solution available today. 
The family incorpo- 


rates Microchip/SPAN 
patented TrueGauge™ 
technology which digitally 


integrates battery charge and discharge currentto provide an accurate «3% 
typical) state of charge indication. The family operates with NiCd and NiMH 
battery packs from 3 Vdc to 30 Vdc. These products are ideal for portable 
PC, cellular phone and portable consumer product applications. 


Ease of use, low voltage and low cost make the MTA41XXX mouse and 
trackball MCU firmware solutions ideal for implementing new designs for 
both PCs and Apple"computers. 
The products in the MTA41XXX family are 


18-lead, low-power CMOS microcontroller ICs combined with application- 
specific software. By adding a few external components, the user can easily 
realize a complete mouse or trackball system. 


The MTA810XX PICSEETMfamily of cost-effective system solutions inte- 
grate PICl6117 microcontrollers with EEPROM technology. These PICSEE 
devices are ideally suited for automotive security, keyless entry, remote 
control, data acquisition and telecommunication 
applications. 
The com- 


bined product assembly techniques provide the user the highest perfor- 
mance solution in a compact and cost-effective package. 


Future ASSP products will include advanced features such as mixed analog 
and digital capability 
as well as an ever broadening 
family of turnkey 


software solutions for the embedded control market. 


Other Microchip 
products, such as Liquid Crystal Display Drivers, are 


mature products with proven track record and a large, repeat customer base. 


Microchip has a long history of innovation inthe semiconductor industry. For 
more than a quarter century, Microchip and its former parent company have 
been developers of leading-edge, cost-effective logic and memory prod- 
ucts. 


Microchip is credited with a number of firsts: The Metal-Oxide-Silicon (MOS) 
Integrated Circuit, DRAM, Serial EEPROM, Reduced Instruction Set Com- 
puter (RISC) microcontroller product family, UART, CMOS 64K EEPROM, 
and CMOS single chip DSP are all innovations that were originally devel- 
oped and introduced by Microchip engineers. 
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Microchip's assembly and test operation in Kaohsiung, Taiwan 
received the prestigious Ishikawa Award for assembly and testing 
excellence. 


The Microchip 
Kaohsiung 
plant's 
excellent 


track record and continuing efforts to achieve 
higher levels of quality and technological 
ad- 


vancement has resulted in superior yields and 
fast turnaround. 


FUTURE PRODUCTS 
AND 
TECHNOLOGY 


QUALITY WITHOUT 
COMPROMISE 


A QUALITY AND 
RELIABILITY 
ALLIANCE 
WITH CUSTOMERS 


Microchip Technology Incorporated 


New process technology is constantly being developed for microcontroller, 
ASSP, EEPROM and high-speed 
EPROM products. 
Advanced process 
technology modules are being developed that will be integrated into present 
product lines to continue to achieve a range of compatible processes. Current 
production technology utilizes dimensions down to 0.9 microns. 


Microchip's 
research 
and development 
activities, 
include exploring 
new 
process technologies and products that have industry leadership potential. 
Particular emphasis is placed on products that can be put to work in high- 
performance broad-based markets. 


Equipment is continually updated to bring the most sophisticated process, 
CAD and testing tools on line. Cycle times for new technology development 
are continuously reduced by using in-house mask making, a high-speed pilot 
line within the manufacturing facility and continuously improving methodolo- 
gies. 


More advanced technologies are under development, as well as advanced 
CMOS RISC-based microcontroller, ASSP and CMOS EEPROM and EPROM 
products. 
Objective 
specifications 
for new products are developed 
by 
listening to our customers and by close cooperation with our many customer- 
partners worldwide. 


Product reliability is designed into Microchip products at the outset. 
Wide 
design margins are established to guarantee that every product can be 
produced easily, error-free and within the tolerances of the manufacturing 
process. 


All quality assurance tests are tighter than customer specifications. 
Products 
are tested at least two machine tolerances tighter than those specified by the 
customer. 


Every new product is qualified under accelerated stress testing. Test samples 
encompass the full range of processed tolerances at each step. Data sheets 
detailing these processes enable customers to reach accurate decisions 
based on known quantitative values. 


To determine whether a process is within normal manufacturing variation, 
industry-leading statistical control techniques are put to work at each process 
step. In-process controls are performed by operators in the wafer fabrication 
division and immediate corrective action is taken if they deem a process is out 
of tight control limits. Products are also sampled weekly through a variety of 
carefully monitored stress and accelerated life tests. 


Microchip's documentation control program assures the correct document is 
always available at the point of use. Active documents are serialized and 
stamped to eliminate the possibility of performing a job from obsolete or 
incorrect instructions. 


Individuals in all departments continuously analyze the methods employed at 
their positions and formulate plans to improve performance. In all areas of our 
business, everyone is expected to make continuous improvement. 


Microchip works together with customers to establish mutual programs to 
improve the performance of our products in their systems. We go beyond the 
incoming inspection 
level and specification by extending our quality and 
reliability supportto the point where the customerships the system. Microchip's 
quality programs ensure that our products can be used with such impunity, a 
customer can implement improvement programs based on Microchip as your 
leading supplier. 
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SECTION 2 


8-BIT MICROCONTROLLER 
PRODUCT SPECIFICATIONS 


PICl6117 
PIC16C5X 
PIC16CR54 
PIC16C54A 
PIC16C58A 
PIC16CR57A 
PIC16C64 
PIC16C71 
PIC16C74 
PIC16C64 
PIC17C42 


PIC16/17 Family of 8-Bit Microcontrollers Cross Reference Guide ...•...... 2- 
1 


EPROM-Based 8-Bit CMOS Microcontroller Series 
2- 
3 


ROM-Based 8-Bit CMOS Microcontroller 
2- 
55 


EPROM-Based 8-Bit CMOS Microcontroller 
2- 
95 


EPROM-Based 8-Bit CMOS Microcontroller 
2- 137 


ROM-Based 8-Bit CMOS Microcontroller 
2- 181 


40-Pin EPROM-Based 8-Bit CMOS Microcontroller 
2- 221 


8-Bit CMOS EPROM Microcontroller with AID Converter 
2- 327 


40-Pin EPROM-Based 8-Bit CMOS Microcontroller 
2- 399 


8-Bit CMOS EEPROM Microcontroller 
2- 535 


High-Performance 
8-Bit CMOS EPROM Microcontroller 
2- 603 
• 


"0 
C1 PIC17C42§ 


'"I 


'" 
PIC16C71 
~ 
-0 
PIC16C74 


~ 


25 
2K 
- 
- 
128 
- 
TMRO,TMR1, - 
SCI 


TMR2,TMR3 


2,5 
35 


- 6.0 
3.0 
35 


- 6.0 
2.5 
35 
- 6.0 
2.0 
35 
- 6.0 
2.5 
33 
- 6.25 
2.5 
33 
- 6.25 
2.5 
33 


- 6.25 
2.5 
33 


- 6.25 
2.5 
33 
- 6.25 
2.5 
33 
- 6.25 
2.5 
33 
- 6.25 
2.5 
33 
- 6.25 


TMRO,TMRO, 1 
TMR2 


- 
TMRO 


- 
TMRO,TMR1, 2 
TMR2 
64 
TMRO 


:g 
PIC16C55 
20 
1K 
- 
:::; 


~ 
PIC16C56 
20 
1K 
- 
10 
PIC16C57 
20 
2K 
- 


40-pin DIP, 44-pin PLCC 
44 pin QFP 


40-pin DIP, 44-pin PLCC 
44 oin QFP 
18-pin DIP, 18-pin SOIC 
44 pin OFP 
40-pin DIP, 44-pin PLCC 
44 oin OFP 
18 pin DIP, 18 pin SOIC 
20-oin SSOP 
18-pln UII-', , tl-pm :SUI\,; 
20-pin SSOP 
18-pin DIP, 18-pin SOIC 
20-oin SSOP 
18-pin DIP, 18-pin SOIC 
20-oin SSOP 
28-pin DIP, 28-pin SOIC 
28-pin SSOP 
18-pin DIP, 18-pin SOIC 
20-oin SSOP 
28-pin DIP, 28-pin SOIC 
28-pin SSOP 
28-pin DIP, 28-pin SOIC 
28-pin SSOP 
18-pin DIP, 18-pin SOIC 
20-pin SSOP 


t PIC17C42can concantinateTimerl and Timer2to form a 16-bitTimer. TimerOis 16-bitwitha-bit prescaler. 
* All PICl6117Familydevices have Power-onReset,fuse selectableWatchdogTimer,fuseselectablecode protectand highoutputcurrent (20mAsource/25mA sink). 
§The PIC17C42can also operatein microprocessoror externalmicrocontrollermode. 
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MICROCHIP 
PIC16C5X 


High-Performance 
RISC-lIke CPU 
• Only 33 single word instructions to leam 
• All single cycle instructions (200ns) except for 
program branches which are two-eycle 
• Operating speed: 
DC - 20 MHz clock input 
DC - 200ns instruction cycle 
• 12-bit wide instructions 
• 8-bit wide data path 
• 512 - 2K x 12 on-chip EPROM program memory 
• 25 - 72 x 8 general purpose registers (SRAM) 
• Seven special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 
and instructions 


Peripheral 
Features 
• 
12 - 20 I/O pins with individual direction control 
• 8-bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 
• Power-On Reset 
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• Oscillator Start-up Timer 
• Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 
• Security EPROM fuse for Code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options: 
- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystaVresonator: HS 
- Power saving, low frequency crystal: LP 


CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range: 
- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
- Automotive: 2.5V to 6.0V 
• Low-power consumption 
- < 2mA typical @ 5V, 4 MHz 
- 15j1Atypical @ 3V, 32 KHz 
- < 3j1A typical standby current 
@ 3V, O'C to 70'C 
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The PIC16C5X from Microchip Technology is a family 
low-eost, high-perfonnance, 
8-bit, fully static, EPROM- 
based CMOS microcontrollers. 
It employs a RISC-like 
architecture with only 33 single word/single cycle in- 
structions to learn. All instructions 
are single cycle 
(2oons) except for program branches which take two 
cycles. The PIC16C5X delivers performance an order of 
magnitude higher than its competitors in similar price 
category. The 12-bit wide instructions are highly sym- 
metrical resulting in 2:1 code compression over other 
8-bit microcontrollers in its class. The easy to use and 
easy to remember instruction set reduces development 
time significantly. 


The PIC16C5X 
products 
are equipped with special 
microcontroller 
like features that reduce system cost 
and power requirements. 
The Power-On 
Reset and 
oscillator start-up timer eliminate the need for external 
reset circuitry. There are four oscillator configurations to 
choose from, including the power-saving LP (Low Power) 
oscillator and cost-saving RC oscillator. 
Power saving 
SLEEP mode, watchdog 
timer and code protection 
features improves system cost, power and reliablity. 


The UV-erasable cerdip-packaged versions are ideal for 
code development, while the cost-effective One Time 


Programmable (OTP) versions are suitable for produc- 
tion in any volume. The customer can take full advan- 
tage of Microchip's price leadership in OTP microcon- 
troller while benefiting from the OTP flexibility. 


The PIC16C5X products are supported by an assem- 
bler, a software simulator, an in-eircuit emulator and a 
production quality programmer. 
All the tools are sup- 


ported by IBM pee and compatible machines. 


1.1 Applications 


The PIC16C5X series fits perfectly in applications rang- 
ing from high-speed automotive and appliance motor 
control to low-power remote transmitters/receivers, point- 
ing devices and telecom processors. The EPROM tech- 
nology makes customization 
of application programs 
(transmitter codes, motor speeds, receiver frequencies, 
etc.) extremely fast and convenient. The small footprint 
packages for through hole or surface mounting make 
this microcontroller 
series perfect for all applications 


with space limitations. Low-cost, low-power, high perfor- 
mance, ease of use and I/Oflexibility make the PIC16C5X 
series 
very 
versatile 
even 
in areas 
where 
no 
microcontroller 
use has been considered before (e.g. 


timer functions, replacement of 'glue' 
logic in larger 


systems, co-processor applications). 


Part # 
EPROM 
RAM" 
110 
Package Options 


PIC16C54 
512 x 12 
32x8 
12 
18L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP 


PIC16C55 
512 x 12 
32x8 
20 
28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil), 
28L SOIC (300 mil), 28L SSOP 


PIC16C56 
lK 
x 12 
32x8 
12 
18L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP 


PIC16C57 
2K x 12 
80x8 
20 
28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil), 
28L SOIC (300 mil), 28L SSOP 


" Including special function registers. 


2.1 Harvard Architecture 


The PIC16C5X single-chip 
microcomputers 
are low- 


power, high-speed, full static CMOS devices containing 
EPROM, RAM, I/O and a central processing unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide, while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 


cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC16C5X series is given in Figure 2.1.1. 


2.2 Clocking Schemennstruction Cycle 


The clock input (from pin OSC1) is internally divided by 
fourto generate four non overlapping quadrature clocks 
namely 01, 02, 03 and 04. 
Internally, PC is incre- 
mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. 
It is 
decoded and executed during the following 01 through 
04. 
The clocks and instruction execution flow is shown 
in Figure 2.2.1. 
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Name 
Function 


RAO- RA3 
I/O PORTA 
RBO - RB7 
I/O PORTB 
RCO- RC7 
I/O PORTC (C55/57 only) 
RTCC 
Real Time Clock/Counter 
MCLR 
Master Clear 
OSC1/CLKIN 
Oscillator (input) 
OSC2/CLKOUT 
Oscillator (output) 
Voo 
Power supply 
Vss 
Ground 
NlC 
No (internal) Connection 


2.3 pata Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of up to 80 
addressable 8-bit registers including the I/O Ports, and 
an 8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable while a "banking" scheme, with 
banks of 16 bytes each, is employed to address larger 
data memories (Figure 4.2.1). Data can be addressed 
direct, or indirect using the file select register. Immediate 
data addressing is supported by special "literal" instruc- 
tions which load data from program memory into the W 
register. 


GENERAL 


PURPOSE 


REGISTER 
FILE 


RCG-RC7 


(PIC16CSSlC57 


ONLY) 


The register file is divided into two functional groups: 
operational 
registers and general purpose 
registers. 


The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs) and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the I/O port configuration and the prescaler options. 


2.4 ArithmeticILogic 
Unit (ALU) 


The 8-bit wide ALU contains one temporary working 
register (W Register). 
It performs arithmetic and Bool- 


ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


Up to 512 words of 12-bit wide on-chip program memory 
(EPROM) can be directly addressed. Larger program 
memories can be addressed by selecting one of up to 
four available pages with 512 words each (Figure4.3.1). 
Sequencing 
of microinstructions 
is controlled via the 


Program Counter (PC) which automatically increments 
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to execute in-line programs. Program control opera- 
tions, supporting 
direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc- 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 


A wide variety of EPROM and RAM sizes, number of 
110 pins, oscillator types, frequency ranges and packag- 
ing options are available. Depending on application and 
production requirements the proper device option can 
be selected using the information and tables in this 
section. When placing orders, please usethe 'PIC16C5X 
Product Identification System' on the back page of this 
data sheet to specify the correct part number. 


3.1 uy Erasable Devices 


Four different device versions, as listed in Table 1.0.1, 
are available to accommodate the different EPROM 
RAM, and VO configurations. These devices are optimai 
for prototype development and pilot series. The desired 
oscillator configuration 
is EPROM programmable 
as 


'RC', 'XT', 'HS'or'LP'. 
An erased device is configured 


as 'RC' 
type by default. 
Depending on the selected 


oscillator type and frequency, the operating supply volt- 
age must be within the same range as a OTP/OTP part 
would be specified for. 


3.2 One-Time-Programmable 
(OTP) DeVices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices have the oscillator type pre-config- 
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). 


The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the watch- 
dog timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The 16 special EPROM bits for 10 code storage 
are also user programmable. 


3.3 Quick·Turnaround·Production 
(QTP) 


Devices 


Microchip offers a OTP Programming Service for factory 
production orders. 
This service is made available for 


users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. 
Please contact your Microchip 


Technology sales office for more details. 
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4.1 Indirect 
Data AddressingCINDF) 


This is not a physically implemented register. Address- 
ing INDF calls for the contents olthe File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the result in W. 


If INDF itself is read through indirect addressing 
(Le. 
FSR = Oh), then OOhis read. 
If INDF is written to via 


indirect addressing, the result will be a NOP. 


4.2 Real Time Clock/Counter 
Register 
(RTCC) 


This register can be loaded and read by the program as 
any other register. In addition, 
its contents 
can be 


incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT =foscl4). 
Figure 4.1.1 is a simplified block 


diagrarn of RTCC. 


An 8-bit presealer can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the 'OPTION' instruction. 
See Section 7.5 for 


details. 
If the presealer is assigned to the RTCC, 


instructions writing to RTCC (e.g. CLRF RTCC, or BSF 
RTCC,5, ...etc.) clear the prescaler. 


The bit 'RTS' 
(RTCC signal Source) in the OPTION 


register determines if RTCC is incremented internally or 
externally. 


RTS=1: The clock source for the RTCC or the pres- 
caler, if assigned to it, isthe signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines, if an increment occurs on the falling 
(RTE= 1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 


RTCC 


PIN 


~ 


RTS=O: The RTCC register or its prescaler, respec- 


tively, will be incremented 
with the internal 


instruction clock (= Fosd4). The 'RTE' bit inthe 
OPTION register and the RTCC pin are 'don't 
care' in this case. The RTCC pin must not be 
left floating (tie to either Voo or Vss). 
This 


prevents unintended entering of test modes 
and to reduce the current consumption in low 
power applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without presealer), RTCC 
keeps incrementing and just rolls over when the value 
'FFh' 
is reached. All increment pulses for RTCC are 


delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a presealer is as- 
signed to the RTCC, the output of the presealer will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read- 
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. 
Timing diagrams in Figure 


4.2.2 show RTCC read, write and increment timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When external clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also, there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1.1, the synchronization 
is done 


after the presealer. 
The output of the prescaler 
is 


sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUTto 
be high for at least 2 tose and low for at least 2 tose where 
tose = oseillator time period. 


SYNC WITH 


INTERNAL 


CLOCKS 


PS2, PS1, PSO 
PSA 


Notes: 
1. Bits, RTE, RTS, PS2, PS1, PSOare located in option register. 
2. The presealer is shared with Watchdog Timer (see Figure 9.0.1). 


FILE 
ADDRESS 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


00 


OE 


OF 


7 6 5 4 3 2 1 0 


INDIRECT 
ADDR. 
(0) 


RTCC 
CALL 
RETLW 
PC 


STATUS 


FSR 


PORTA 


PORTB 


PORTC 
(•• ) 


GENERAL 


PURPOSE 


REGISTER 


FILE 


GENERAL 
PURPOSE 
REGISTER 
FILE 
(ALL TYPES) 


10 9 
8 
7 
6 
5 
4 
3 
2 
1 0 
10 9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


STACK 
1 
1-1 
STACK 2 


7 6 5 4 3 2 1 0 


TRISA 


5 4 321 
0 


OPTION 


TOANO 
FROM 
REGISTER 
FILE 
VIAALU 
W 
LFROM PROGRAM 
MEMORY 


(') 
NOT A PHYSICALLY 
IMPLEMENTED 
REGISTER. 
SEE SECTION 4.0 FOR DETAILS. 


(") 
FILE ADDRESS 
7h IS A GENERAL 
PURPOSE REGISTER ON THE PIC16C54/C56 


("') 
BANK 0 IS AVAILABLE 
ON ALL MICROCONTROLLERS 
WHILE BANK 1 TO BANK 3 ARE ONLY AVAILABLE 
ON THE 


PIC16C57. 
(SEE SECTION 4.6 FOR DETAILS) 
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PIC16C5X Series 


When nQ oresealer is used. PSOUT(Prescaler Qutput, 
see Figure 4.1.1) is the same as RTCC c1Qckinput and 
therefQre the requirements are: 
TRTH= 
RTCC high time ~ 2tQse+ 20 ns 
TRTL = 
RTCC IQWtime ~ 2tQse+ 20 ns 


When prescaler is used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 
Then: 
PSOUThigh time = PSOUTlow time = N • TRT/2 
where TRT= RTCC input period and N = prescale value 
(2,4, ....• 256). The requirement is, therefQre N • TRT/2 
~ 2 tose + 20 ns, or TRT~ 
4 lose+ 40 ns . 
N 


The user will notice that no requirement on RTCC high 
time or IQWtime is specified. 
However, if the high time 
or low time QnRTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. 
In summary, the RTCC input requirements 
are: 
TRT 
TRTH 
TRTL 


RTCC period ~ (4 tose + 40ns)/N 
RTCC high time ~ 10ns 
RTCC low time ~ 10ns 


Delav frQm extemal clock edge: Since the prescaler 
Qutput is synchronized with the internal clocks, there is 
a small delay from the time the extemal clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 4.2.3, the reader can see that this 
delay is between 3 tose and 7 tQse. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within ±4 tQse (±200 ns @ 20 MHZ). 


4.3 
Program Counter 


The program counter generates the addresses for up tQ 
2048 x 12 on-chip EPROM cells containing the prQgram 
instruction wQrds (Figure 4.3.1). 


Depending on the device type, the program counter and 
its associated twQ-level hardware stack is 9 - 11-bits 
wide. 


TABLE 4.3.1 - PROGRAM COUNTER STACK 


WIDTH 


Part # 
PC width 
Stack width 


PIC16C54/PIC16C55 
9-bit 
9-bit 


PIC16C56 
1D-bit 
1D-bit 


PIC16C57 
11-bit 
11-bit 


The program CQunter is set tQ all "1"s upon a RESET 
condition. 
During 
program 
execution 
it is auto 


incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) 
"GOTO" instructiQns allow the direct IQadingof the 
lower nine program counter bits (PC <8:0». 
Incase 


of PIC16C561PIC16C57, the upper two bits of PC 
(PC<10:9» 
are loaded with page select bits PA1, 


PAO(bits 6,5 status register). Thus, GOTO allows 
jump to any location on any page. 


b) 
"CALL" instructions load the lower 8-bits of the PC 
directly, while the ninth bit is cleared to "0". The PC 
value, incremented by one, will be pushed into the 
stack. In case of PIC16C56, PIC16C57, the upper 
2-bits of PC (PC<10:9» 
are loaded with Page 


Select bits PA1, PAO (bits 6,5 status register). 
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c) 
"RETLW" instructions load the program counter 
with the top of stack contents. 
d) 
If PC is the destination 
in any instruction 
(e.g. 
MOVWF PC, ADDWF PC, or BSF PC,5) then the 
computed 8-bit result will be loaded into the lower 
8-bits of program counter. The ninth bit of PC will be 
cleared. IncaseofPIC16C56/PIC16C57, 
PC<10:9> 
will be loaded with Page Select bits PA1, PAO (bits 
6,5 in status register). 


It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls 
or computed jumps are limited to the first 256 locations 
of any program memory page (512 words long). 


MORE ON PROGRAM MEMORY PAGE SELECT 
(PIC16C56/PIC16C57 
ONLYl: 


Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bi1sinf3 
will not be changed, and the next "GOTO", "CALL", 
"ADDWF PC", "MOVWF PC" instruction will retum to the 
previous page, unless the page pre-select bits have 
been updated under program control. For example, a 
"NOP" at location "1FF" (page 0) increments the PC to 
"200" (page 1). A "GOTO xxx" at "200" will retum the 
program to address "xxx" on page "0" (assuming thatthe 
page preselect bits in file register STATUS are "0"). 


Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a "GOTO" instruction at this location will 
automatically cause the program to continue in page O. 


PIC16C5X Series 


The PIC16C5X series employs a two-level hardware 
push/pop stack (Figure 4.3.1). 


CALL instructions push the current program counter 
value, incremented by "1", into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent "CALL"s are executed, only the most recent 
two retum addresses are stored. 


For the PIC16C56 and PIC16C57, the page preselect 
bits of STATUS will be loaded into the most significant 
bits of the program counter. The ninth bit is always 
cleared to "0" upon a CALL instruction. This means that 
subroutine entry addresses have to be located always 
within the lower half of a memory page (addresses 000- 
OFF, 200-2FF, 400-4FF, 600-6FF). However, as the 
stack has always the same width as the PC, subroutines 
can be called from anywhere in the program. 


RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent "RETLW"s are 
executed, the stack will be filled with the address previ- 
ouslystored inlevel 2. Forthe PIC16C56 and PIC16C57, 
the retum will be always to the page from where the 
subroutine was called, regardless of the current setting 
of the page pre-select bits in file register STATUS. Note 
that the W register will be loaded with the literal value 
specified in the RETLW instruction. This is particularly 
useful for the implementation of "data" tables within the 
program memory. 
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4.5 STATUS Word Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for larger 
program 
memories 
than 
512 
words 
(PIC16C56, 
PIC16C57). 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the STATUS bits 
are set after the following write. 
Furthermore, TO and 


PD bits are not writable. 
Therefore, the result of an 


instruction with STATUS register as destination may be 


different than intended. 
For example, CLRF STATUS 


will clear all bits except for TO and PD and then set the 
Z bit and leave status register as OOOUU100(where U = 
unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions 
are used to alter the STATUS 


registers because these instructions do not affect any 
STATUS bit. 


For other instructions, affecting any STATUS bits, see 
Section 
"Instruction Set Summary" (Table 10.0.1). 


RESET CONDmON: 
PA2.PA1, PAOcleared to '0'. 
TO, PD are set or reset as shown in Table 4.5.2.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRYIBORROW 
BIT: 


For ADDWF and SUBWF instructions, 
this bit is set if there is a 


carry out from the most signnicant bit of the resultant. 
Note that a subtraction is executed by adding the two's complement 
of the second operand. 
For rotate (RRF, RLF) instructions, this bit 


is loaded with either the high or low order bit of the source register. 


DIGIT CARRYIBORROW 
BIT: 


For ADDWF and SUBWF instructions, this bit is set n there is a 
carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. 
This bit 
is reset to "0" by a SLEEP instruction. 


TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT 
and SLEEP 
command. 
This bit is reset to "0" by a watchdog limer time out. 


: BIT 5 ... Page preselect bit 


0= Page 0 (000 -lFF) 
1 = Page 1 (200 - 3FF) 


: Two page preselect bits 


00 = Page 0 (000 - 1FF) 
01 = Page 1 (200 - 3FF) 
10 = Page 2 (400 - 5FF) 
11 = Page 3 (600 - 7FF) 


BIT 7: 
General purpose readlwrite bit 
(reserved for future use) 


• 


4.5.1 CARRV/BORROWAND 
DIGITCARRVI 
BORROW BITS: 


The Carry bit (C) is a carry out in addition operation 
(ADDWF) 
and a borrow 
out 
in subtract 
operation 
(SUBWF). 


It is also affected by RRF and RLF instructions. 
The 
following examples explain carry/borrow bit operation: 


clrf 
Ox20 
movlw 
1 
subwf 
Ox20 


;f(20h)=O 
;wreg=l 
;f(20h)=f(20h)-wreg=O-1=FFh 
;Carry=O: Result 
is negative 
, 
;SUBWF Example 
*2 
movlw 
OxFF 
movwf 
Ox20 
clrw 
subwf 
Ox20 
O=FFh 


;f(20h)=FFh 
;wreg=O 
;f(20h)=f(20h)-wreg=FFh- 


The digit ~erates 
in the same way as the carry bit, 
i.e. it is a borrow in subtract operation. 


4.5.2 TIME OUT AND POWER DOWN STATUS 
BITSITO. 
POl 


The TO and PD bits in the STATUS register can be 
tested to detennine 
if a RESET condition has been 
caused by a Watchdog 
Timer time-out, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Wimer or MCLR pin. 


These STATUS bits are only affected by events listed in 
Table 4.5.2.1. 


TABLE 4.5.2.1 - EVENTS AFFECTING POI 
TO STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 
WDTTimeout 
0 
X 
No effect on PO 
SLEEP instruction 
1 
0 
CLRWDT instruction 
1 
1 


Note: 
A WOT timeout 
will occur regardless 
of the status of the TO 
bit. ASlEEP 
J...nstruclion will be executed, 
regardless 
of the 
status of the PO bit. Table 4.5.2.2 reilecls 
the status 01 PO 
and TO after the corresponding 
event. 


TABLE 4.5.2.2 - porro STATUS AFTER 
RESET 


TO -PO 
RESET was caused by 


0 
0 
WDT wake-up from SLEEP 
0 
1 
WDT time-out (not during SLEEP) 


1 
0 
MCLR wake-up from SLEEP 
1 
1 
Power-up 
X 
X 
= Low pulse on MCLR input 


Note: 
The PO and TO bij maintain 
their status (X) until an event 


of Table 
4.5.2.1 
occurs. 
A low-pulse 
on the MCLR 
input 


does not change the P5 and TO status bits. 


4.5.3 PROGRAM PAGE PRESELECT (PIC16C56 
PIC16C570NL 
Vl 


Bits 5-6 of the STATUS register are defined as PAGE 
address bits PAO<l :0>, and are used to preselect a 
program memory page. 
When executing 
a GOTO, 


CALL, or an instruction with PC as destination 
(e.g. 


MOVWF PC), PA<1:0> are loaded into bit A<10:9> of 
the program counter, selecting 
one of the available 


program memory pages. The direct address specified in 
the instruction is only valid within this particular memory 
page. 


RETLW instructions do not change the page preselect 
bits. 


Upon a RESET condition, PA<2:0> are cleared to 'O's. 


4.6 File Select Register (FSR) 


PIC 16C541C551C56 


Bits 0-4 select one of the 32 available file registers in the 
indirect addressing 
mode (that is, calling the INOF 


register in any of the file oriented instructions). 


Bits 5-7 of the FSR are read-only and are always read as 
·one·5. 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


PIC16C570NL 
V 


Bits 5 and 6 of the FSR select the current data memory 
bank (Figure 4.2.1). 


The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSR (in case 
of indirect addressing) is '0', or bit 4 of the direct 
file 


register address of the currently executing instruction is 
'0' (e.g. MOVWF 08). 


Only if bit 4 in the above mentioned cases is '1', bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 


Bit 7 is read-only and is always read as 'one.' 


The I/O registers can be written and read under program 
control like any other register of the register file. How- 
ever, 'read' instructions (e.g. MOVF PORTB,W) always 
read the I/O pins, regardless if a pin is defined as 'input' 
or 'output.' 
Upon a RESET condition, all I/O ports are 


defined as 'input' 
(= high impedance mode) as the I/O 


control registers (TRISA, TRISB, TRISC) are all set to 
'ones.' 


The execution of a 'TRIS f' instruction with correspond- 
ing 'zeros' 
in the W-register is necessary to define any 


of the I/O pins as output. 


4-bit I/O register. Low order 4-bits only are used (RAO- 
RA3). Bits 4 - 7 are unimplemented and read as 'zeros.' 


PIC16C551C57: 8-bit I/O register. 


PIC16C54/C56: General purpose register. 


5.4 
VO Interfacing 


The equivalent circuit for an I/O port bit is shown in 
Figure 5.4.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond- 
ing direction control bit (in TRISA, TRISB, TRISC) must 
be set to zero. For use as an input, the corresponding 
TRIS bit must be 'one'. Any I/O pin can be programmed 
individually as input or output. 


FROM 
-- 
0 
DATA 
BUS 


o 
a 


VO 
CONTROL 
LATCH 


CK 
SET a 


• 


5.5 1 BIDIRECTIONAL 
110 PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as inpuVoutputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of 16to be read into the CPU. Then the BSF 
operation takes place on bit 5 and PORTB is re-output 
to the output latches. If another bit of PORTB is used as 
a bidirectional I/O pin (say bit 0) and it is defined as an 
input at this time, the input signal present on the pin itself 
would be read into the CPU and re-written to the data 
latch of this particular 
pin, overwriting 
the previous 


content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a '0' or '1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or', 
'wired-and'). 


The resulting high output currents may damage the chip. 


5.5.2 SUCCESSIVE 
OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5.5.2.1). 
Therefore, care must be exercised if a write 


followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions 
with a NOP or an other instruction 
not 


accessing this I/O port. 


Fe 


Instruction 


fetched 


'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~' 
I 
I 
I 
I 
I 
I 


~ 
Fe 
~ 
PC+l 
~ 
PC+2 
~ 
PC+3 
MOVWF PORTB 
I MOVF PORTB, W ,NOP 
NOP 
Write to PORTB 
Read PORTB 


I 


~portPin 
: 
, 
' 
I 


I 
I 
sampled here I 


~ 
I~ 
I 


Execute 
ITPD Execute 
I 


I MOVWF PORTB ' MOVF PORTB, W I 


This 
example 
show! 


write to PORTB followed 
by a read from PORTS. 
Note that the data setup 
time; 
(0.25 TCY - TPD) 
where TCY ; instruction 
cycle. 
Therefore, 
at 


higher clock frequencies, 
write followed by a read 
may be problematic. 


PIC16C541C551C56: 


f08h - f1Fh: 
are general purpose register files. 


PIC16C57 only: 


f08h - fOFh: 
are general purpose register files which 
are always selected, independent of bank 
select. 


f10h - f1 Fh: 
general purpose register files in memory 
bankO. 


f20h - f2Fh: 
physically identical to fOO- fOF. 


f30h - f3Fh: 
general purpose register files in memory 
bank 1. 
f40h - f4Fh: 
physically identical to fOO- fOF. 


f50h - f5Fh: 
general purpose register files in memory 
bank 2. 


f60h - f6Fh: 
physically identical to fOO- fO. 


f70h - f7Fh: 
general purpose register files in memory 
bank 3. 


7.1 W 
Working 
Register 


Holds second operand in two operand instructions and! 
or supports the internal data transfer. 


VO Control Register For 
PORTA 


Only bits 0 - 3 are available. The corresponding 1/0 port 
(f5) is only 4-bit wide. 


va Control Register For 
PORTB 


va Control Register For 
PORTC 


The 1/0 control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 
A '1' in the 1/0 control register puts the corresponding 
1/0 pin into a high impedance mode. A '0' 
puts the 


contents of file register PORTA, PORTB, or PORTC, 
respectively, out on the selected 1/0 pins. 
These registers are 'write-only' 
and are set to all 'ones' 


upon a RESET condition. 


7.5 OPTION 
Prescaler/RTCC Option 
Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is "write-only" and is 6-bit wide. 
By executing the 'OPTION' 
instruction, the contents of 


the "W" register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
·ones.- 


PRESCALER 
VALUE 
RTCCRATE 
WDTRATE 


0 
0 
0 
1 : 2 
1: 
1 
0 
0 
1 
1 : 4 
1 : 2 
0 
1 
0 
1 : 8 
1 : 4 
0 
1 
1 
1 : 16 
1 : 8 
1 
0 
0 
1 : 32 
1 : 16 
1 
0 
1 
1 : 64 
1 : 32 


1 
1 
0 
1 : 128 
1 :64 


1 
1 
1 
1 : 256 
1 : 128 


PRESCALER 
ASSIGNMENT 
BIT: 


0 
RTCC 


1 
WDT 


RTCC SIGNAL EDGE: 
0 
INCREMENT 
ON LOW-TO-HIGH 
TRANSITION 
ON RTCC PIN 


1 
INCREMENT 
ON HIGH-TQ-LOW 
TRANSITION 
ON RTCC PIN 


RTCC SIGNAL SOURCE: 
o .... INTERNAL 
INSTRUCTION 
CYCLE CLOCK (CLKOUT) 


1.. 
TRANSITION 
ON RTCC PIN 


• 
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8.0 RESET CONDITION 


A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input 'low', or by 
a Watchdog 
Timer timeout. 
The device will stay in 
RESET as long as the oscillator start-up timer (OST) is 
active or the MCLR input is 'low.' 


The oscillator start-up timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of Power-On Reset with MCLR tied to Voo the OST 
starts from power-up. 
In case of WDT time-out, it will 


start at the end of the time-out (since MCLR is high). In 
case of MCLR reset, the OST will start when MCLR goes 
high. The nominal OST time-out period is lams. 
See 
Section 13.0 for detailed information on OST and power 
on reset. 


During a RESET condition the state of the PIC16C5X is 
defined as: 


• 
The oscillator is running, or will be started (power- 
up or wake-up from SLEEP). 


• 
All I/O port pins (RAO- RA3, RBO- RB7, RCO- RC7) 
are put into the high-impedance state by setting the 
'TRIS' 
registers to all 'ones' (= input mode). 


• 
The Program Counter is set to all 'ones' 
(1FFh in 
PIC16C54/55, 
3FFh 
in PIC16C56 
and 7FFh in 
PIC16C57). 
• 
The OPTION register is set to all 'ones'. 


• 
The Watchdog Timer and its prescaler are cleared. 
• 
The upper-three bits (page select bits) in the 
STATUS Register are cleared to 'zero.' 


• 
'RC' 
devices only: The 'CLKOUT' 
signal on the 
OSC2 pin is held at a'low' 
level. 


9.0 
PRESCALER 


An a-bit counter is available as a prescaler forthe RTCC, 
or as a post-scaler for the Watchdog Timer, respectively 
(Figure 9.0.1). For simplicity, this counter is being re- 
ferred to as 'prescaler' 
throughout this data sheet. Note 
that there is only one prescaler available which is mutu- 
ally exclusively 
shared between the RTCC and the 
Watchdog Timer. Thus, a prescaler assignment for the 
RTCC meansthatthere 
is no prescalerforthe Watchdog 


Timer, and vice-versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 


When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC,x ....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 


9.1 Switching Prescaler Assignment 


CHANGING PRESCALER FROM RTCC TO WDT 


The prescaler assignment is fully under software con- 
trol, Le., it can be changed 'on the fly' during program 
execution. 
To avoid an unintended device RESET, the 


following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WDT: 


1. MOVLW B'xxOxOxxx' 


2. OPTION 


3. CLRF1 


4. MOVLW B'xxxxlxxx' 


5.OPTION 


6. CLRWDT; 
17. MOVLW B'xxxx1xxx' 
La. OPTION 


; Select internal clock and select new 


; prescaler value. If new prescale value 


; is = '000' or '001', then select any other 


; prescale value temporarily. 


; Clear RTCCand~. 


; Select WDT, do not change prescale 


; value. 


ClearsWDT and~. 
; Select new prescale value. 


Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and a are necessary only if the 
desired prescale value is '000' or '001'. 


CHANGING PRESCALER FROM WDT TO RTCC 


To change prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWDT; 


2. MOVLWB'xxxxOxxx' 


ClearWDT and ~ 


; Select RTCC,new prescale value 


; and clock source 


0 


~ 
r 


••u 
SYNC 
x 
•• 
RTCC 
u 
2 
PIN 
x 
CYCLES 
RTE 
0 


RTS 
PSA 


WATCH 
DOG 
TIMER 


10.0 BASIC INSTRUCTION 
SET 
SUMMARY 


Each PIC16C5X instruction is a 12-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16C5X instruction set 
summary 
in Table 
10.0.1 lists byte-oriented, 
bit-ori- 
ented, and literal and control operations. 


For byte-oriented instructions, 'f' represents a file regis- 
ter designator and 'd' represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 PIC16C5X file registers is to be utilized by the 
instruction. For the PIC16C57, bits 5 and 6 in the FSR 
determine the selected register bank. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 
'b' 
represents a bit field 


designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an 8- or 
9-bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true orthe program 
counter is changed as a result of an instruction. In this 


Note: 
RTE, RTS, PSA, PSo-PS2 
are bits in the OPTION register. 


case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 Ilsec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 Ilsec. 


NQtes tQ Table 
10.0.1 


Note 1: The ninth bit of the program counter will be 


forced to a 'zero' by any instruction that writes 
to the 
PC except 
for 
GOTO 
(e.g. 
CALL, 


MOVWF PC etc.). See Section 4.3 on page 8 
for details. 


Note 2: When an 1/0 register is modified as a function of 


itself ( e.g. MOVF PORTS,1 ), the value used 
will be that value present on the pins them- 
selves. For example, if the data latch is '1' for 
a pin configured as output and is driven low by 
an extemal device, the data will be written back 
with a '0'. 


Note 3: The instruction 'TRIS f' , where f = 5,6, or 7 


causes the contents of the W register to be 
written to the tristate latches of the specified file 
(port). A 'one' forces the pin to a high imped- 
ance state and disables the output buffers. 


Note 4: 
If this instruction is executed on file register 
RTCC (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 


• 


(11-6) 
(5) 
(4 - 0) 


BYTE 
-ORIENTED 
FILE 
REGISTER 
OPERATIONS 
I 
OPCODE 
1~1 
f(FILE 
#) 
I 


d = 0 for destination 
W 


d = 1 for destination 
f 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


0001 
11df 
ffff 
1Cf 
Add Wand f 
AooWF 
f, d 
W+f~d 
C,DC,Z 
1,2,4 


0001 
01df 
ffff 
14f 
AND Wand f 
ANoWF 
f, d 
W&f~d 
Z 
2,4 


0000 
011f 
ffff 
06f 
Clear f 
ClRF 
f 
O~f 
Z 
4 


0000 
0100 
0000 
040 
ClearW 
ClRW 
- 
O~W 
Z 


0010 
01df 
ffff 
24f 
Complement f 
COMF 
f, d 
i~d 
Z 
2,4 


0000 
11df 
ffff 
OCf 
Decrement f 
oECF 
f, d 
f-1 
~ 
d 
Z 
2,4 


0010 
11df 
ffff 
2Cf 
Decrement f,Skip if Zero 
oECFSZ 
f, d 
f - 1 ~ 
d, skip if zero 
None 
2,4 


0010 
10df 
ffff 
2Bf 
Increment f 
INCF 
f, d 
f+ 1 ~d 
Z 
2,4 


001111df 
ffff 
3Cf 
Increment f,Skip if zero 
INCFSZ 
f, d 
f + 1 ~ 
d, skip if zero 
None 
2,4 


0001 
OOdf 
ffff 
10f 
Inclusive OR Wand f 
loRWF 
f, d 
Wvf~d 
Z 
2,4 


0010 
OOdf 
ffff 
20f 
Move f 
MoVF 
f, d 
f~d 
Z 
2,4 


0000 
OOlf 
ffff 
02f 
Move Wtof 
MoVWF 
f 
W~f 
None 
1,4 


0000 
0000 
0000 
000 
No Operation 
NoP 
- 
- 
None 
0011 
01df 
ffff 
34f 
Rotate left f 
RlF 
f, d 
f(n) ~ 
d(n+ 1), C ~ 
d(O), f(7) ~ 
C 
C 
2,4 


0011 
OOdf 
ffff 
30f 
Rotate right f 
RRF 
f, d 
f(n) ~ 
d(n-1), C ~ 
d(7), f(O) ~ 
C 
C 
2,4 


0000 
10df 
ffff 
OBf 
Subtract W from f 
SUBWF 
f, d 
f - W ~ 
d [f + W + 1 ~ 
d] 
C,DC,Z 
1,2,4 


0011 
10df 
ffff 
3Bf 
Swap halves f 
SWAPF 
f, d 
f(0-3) H f(4-7) ~ 
d 
None 
2,4 


0001 
10df 
ffff 
1Bf 
Exclusive OR Wand f 
XORWF 
f, d 
Wffif~d 
Z 
2,4 


(11-8) 
(7-5) 
(4 - 0) 


BIT- 
ORIENTED 
FILE 
REGISTER 
OPERATIONS 
I 
OPCODE 
I b(BIT#) 
I 
f(FILE#) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


0100 
bbbf 
ffff 
4bf 
Bit Clear f 
BCF 
f, b 
O~f(b) 
None 
2,4 


0101 
bbbf 
ffff 
5bf 
Bit Setf 
BSF 
f, b 
1 ~f(b) 
None 
2,4 


0110 
bbbf 
ffff 
6bf 
Bit Test f,Skip if Clear 
BTFSC 
f, b 
Test bit (b) in file (f): Skip if clear 
None 
0111 
bbbf 
ffff 
7bf 
Bit Test f, Skip if Set 
BTFSS 
f, b 
Test bit (b) in file (f): Skip if set 
None 


(11-8) 
(7 -0) 
LITERAL 
AND 
CONTROL 
OPERATIONS 
I 
OPCODE 
I 
k (LITERAL) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


1110 
kkkk 
kkkk 
Ekk 
AND Literal and W 
ANolW 
k 
k&W~W 
Z 


1001 
kkkk 
kkkk 
9kk 
Call subroutine 
CAll 
k 
PC + 1 ~ 
Stack, k ~ 
PC 
None 
1 
0000 
0000 
0100 
004 
Clear Watchdog timer 
ClRWoT 
- 
o ~ 
WDT (and prescaler, if assigned) 
TO,PD 


101k 
kkkk 
kkkk 
Akk 
Go To address (k is 9 bit) 
GoTo 
k 
k ~ 
PC (9 bits) 
None 


1101 
kkkk 
kkkk 
Dkk 
Incl. OR Literal and W 
loRlW 
k 
kvW~W 
Z 
1100 
kkkk 
kkkk 
Ckk 
Move Literal to W 
MoVlW 
k 
k~W 
None 


0000 
0000 
0010 
002 
load OPTION register 
OPTION 
- 
W ~ 
OPTION register 
None 
1000 
kkkk 
kkkk 
Bkk 
Return,place Literal in W 
RETlW 
k 
k ~ 
W, Stack ~ 
PC 
None 


0000 
0000 
0011 
003 
Go into standby mode 
SLEEP 
- 
o ~ 
WDT, stop oscillator 
TO,PD 
0000 
0000 
Offf 
OOf 
Tristate port f 
TRIS 
f 
W~ 
I/O control register f 
None 
3 


1111 
kkkk 
kkkk 
Fkk 
Excl. OR Literal and W 
XoRlW 
k 
kffiW~W 
Z 
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10.1 
Instruction Description 
BSF 
Bit Set f 


ADDWF 
ADDWtof 
Syntax: 
BSF 
f,b 


Syntax: 
ADDWF 
f,d 
Encoding: 
~ 


Encoding: 
~ 


Words: 
1 


Words: 
1 
Cycles: 
1 


Cycles: 
1 
Operation: 
1 --7f(b) 


Operation: 
(W+f)--7d 
Status bits: 
None 


Status bits: 
C,DC,Z 
Description: 
Bit "b" in register or is set to 1. 


Description: 
Add the contents of the W register to 
BTFSC 
Bit Test. skip if Clear • 


register or. If"d" 
is 0 the result is stored 
Syntax: 
BTFSC 
f,b 
in the W register. 
If "d" is 1 the result is 
stored back in register or. 
Encoding: 
~ 
ANDLW 
AND Literal and W 
Words: 
1 


Syntax: 
ANDLW 
k 
Cycles: 
1(2) 


Encoding: 
11110 1 kkkk I kkkk 1 
Operation: 
skip il I(b) = 0 


Words: 
1 
Status bits: 
None 


Cycles: 
1 
Description: 
II bit "b" in register or is "0" then the next 
instruction is skipped. 
Operation: 
(W .AND. k) --7W 
II bit "b" is"0", the next instruction,letched 
Status bits: 
Z 
during the current instruction execution, 


Description: 
The contents 01 W register are AND'ed 
is discarded and a NOP is executed in- 


with the 8-bit literal Ok". The result is 
stead making this a two-cycle instruction. 


placed in the W register. 


ANDWF 
ANDWwithf 
BTFSS 
Bit Test. skip if Set 


Syntax: 
ANDWF 
I,d 
Syntax: 
BTFSS 
I,b 


Encoding: 
~ 
Encoding: 
10111 
I bbbf I ffff 
I 


Words: 
1 
Words: 
1 


Cycles: 
1 
Cycles: 
1 (2) 


Operation: 
(W .AND. I) --7d 
Operation: 
skip il I(b) = 1 


Status bits: 
Z 
Status bits: 
None 


Description: 
AND the W register with register or. II "d" 
Description: 
II bit "b" in register or is "1" then the next 


is 0 the result is stored in the W register. 
instruction is skipped. 
If "d" is 1 the result is stored back in 
Ilbit"b' 
is '1', the next instruction, letched 
register or. 
during the current instruction execution, 


BCF 
Bit Clear f 
is discarded and a NOP is executed in- 


Syntax: 


stead making this a two-cycle instruction. 


BCF 
I,b 


Encoding: 
~ 


CALL 
Subroutine Call 


Words: 
1 
Syntax: 
CALL 
k 


Cycles: 
1 
Encoding: 
11001 1 kkkk I kkkk 1 


Operation: 
o --71(b) 
Words: 
1 


Status bits: 
None 
Cycles: 
2 


Description: 
Bit "b" in register or is reset to O. 
Operation: 
PC + 1 --7TOS; k --7 PC<7:0>, 
'0' --7PC<8>, PA2, PA1, PAO--7 
PC<11:9>; 


Status bits: 
None 
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Description: 
Subroutine call. First, return address (PC 
DECF 
Decrement f 
+ 1) is pushed into the stack. The eight bit 
Syntax: 
DECF 
I,d 
value is loaded into PC bits <7:0>. PC bit 
8 iscleared. PA <2:0> bits are loaded into 
Encoding: 
~ 
PC <11 :9>. CALL is a two cycle instruc- 
Words: 
1 
tion. 
Cycles: 
1 
CLRF 
Clearf 
Operation: 
(1-1)--+d 
Syntax: 
CLRF 
I 
Status bits: 
Z 
Encoding: 
~ 
Description: 
Decrement register "f. II "d" is 0 the result 


Words: 
1 
is stored in the W register. 
II "d" is 1 the 


Cycles: 
1 
result is stored back in register "f. 


Operation: 
OOh--+l 
DECFSZ 
Decrement f, skip if 0 


Status bits: 
Z 
Syntax: 
DECFSZ 
I,d 
Description: 
The contents 01register "f are set to O. 
Encoding: 
~ 
CLRW 
Clear W Register 
Words: 
1 


Syntax: 
CLRW 
Cycles: 
1 (2) 


Encoding: 
~ 
Operation: 
(I - 1) --+d; skip il result = 0 


Words: 
1 
Status bits: 
None 


Cycles: 
Description: 
The contents 01 register "f are decre- 
mented. 
If "d" is 0 the result is placed in 


Operation: 
OOh--+W 
the W register. 
II "d" is 1 the result is 


Status bits: 
Z 
placed back in register "f. II the result is 


Description: 
W registered iscleared. Zero bit (Z) is set. 
o the next instruction is skipped. 


If the result is 0, the next instruction, 


CLRWDT 
Clear Watchdog Timer 
which is already letched, is discarded. A 


Syntax: 
CLRWDT 
NOP is executed instead making it a two- 
cycle instruction. 


Encoding: 
~ 
GOTO 
Unconditional Branch 
Words: 
1 


Cycles: 
1 
Syntax: 
GOTO 
k 


Operation: 
OOh--+WDT, 0 --+WDT prescaler, 
Encoding: 
!lOlk 
I kkkk I kkkk I 


Status bits: 
- 
- 
Words: 
1 
1 --+TO, 1 --+PO 


Description: 
CLRWDT instruction resets the Watchdog 
Cycles: 
2 


Timer.lt also rese!!,!he 
prescaler 01the 
Operation: 
k --+PC<8:0>, PA2, PA1, PAO 
WDT. Status bits TO and PO are set. 
--+ PC<11 :9>; 
COMF 
Complement f 
Status bits: 
None 


Syntax: 
COMF 
I,d 
Description: 
The low order nine bits come Irom the 


Encoding: 
~ 
immediate value. 
The upper-three bits 


are loaded Irom the PA <2:0> bits in the 
Words: 
1 
STATUS register. 


Cycles: 
1 
INCF 
Increment f 
Operation: 
f--+ 
d 
Syntax: 
INCF 
I,d 
Status bits: 
Z 
Encoding: 
~ 
Description: 
The contents 01 register "f are comple- 
Words: 
1 
mented. If "d" is0 the result is stored inW. 
II "d" is 1 the result is stored back in 
Cycles: 
1 
register "f. 
Operation: 
(1+1)--+d 


Status bits: 
Z 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


The contents of register "f' are incre- 
mented. 
If "d" is 0 the result is placed in 
the W register. 
If "d" is 1 the result is 
placed back in register "f'. 


Increment 1.skip if 0 


INCFSZ 
f,d 


~ 
1 


1 (2) 


(f + 1) ~ d, skip if result = 0 


None 


The contents of register "f' are incre- 
mented. 
If "d" is 0 the result is placed in 
the W register. 
If "d" is 1 the result is 
placed back in register "f'. If the result is 
o the next instruction is skipped. 


If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A 
NOP is executed instead making it a two- 
cycle instruction. 


Inclusive OR Literal with W 


IORLW 
k 


11101 
Ikkkk I kkkk 
I 


1 


1 


(W .OR.k)~W 


Z 


The contents of the W register are OR'ed 
with the 8-bit literal ok". 
The result is 
placed in the W register. 


Inclusive OR W with f 


IORWF 
f,d 


~ 
1 


1 


(W .OR. f)~d 


Z 


Inclusive OR the W register with register 
"f'. If "d" is 0 the result is stored in the W 
register. If"d" is 1the result is stored back 
in register "f'. 


MOVF 
Movef 


Syntax: 
MOVF 
f,d 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
(I) ~d 


Status bits: 
Z 


Description: 
The contents of register 'f' are moved. If 
'd' 
is 0 the result is placed in the W• 


register. 
If 'd' 
is 1 the result is placed 
back in register 'f'. 


MOVLW 
Move Literal to W 


Syntax: 
MOVLW 
k 


Encoding: 
11100 Ikkkk 
I kkkk 
I 


Words: 
1 


Cycles: 
1 


Operation: 
k~W 


Status bits: 
None 


Description: 
The 8-bit literal"k" is loaded intoW register. 


MOVWF 
MoveWtof 


Syntax: 
MOVWF 
f 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
W~f 


Status bits: 
None 


Description: 
Move data from W register to register "f'. 


NOP 
No Operation 


Syntax: 
NOP 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
No operation 


Status bits: 
None 


Description: 
No operation 


OPTION 
Load Option Register 


Syntax: 
OPTION 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
W ~OPTION; 


Status bits: 
None 


Description: 
The contents of the W register is loaded in 
the OPTION register. 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Return Literal to W 


RETLW 
k 


11000 I kkkk I kkkk 
1 


1 


2 


k ~ W; TOS ~ 
PC; 


None 


The W register is loaded with the eight bit 
literal "k". The program counter is loaded 
from the top of the stack (the 
return 
address). This is a two-cycle instruction. 


Rotate Left f through Carry 


RLF 
f,d 


~ 
1 


1 


f<n>~d<n+1>, 
f<7>~C, 
C ~ 
d<O>; 


C 


The contents of register T are rotated 
one bit to the left through the Carry Flag. 
If "d" is 0 the result is placed in the W 
register. If"d" is 1the result is stored back 
in register T. 


Rotate Right f through Carry 


RRF 
f,d 


~ 
1 


1 


f<n> ~d<n-1>, 
f<0> ~C, 
C~d<7>; 


C 


The contents of register T are rotated 
one bit to the right through the Carry Flag. 
If "d" is 0 the result is placed in the W 
register. 
If "d" is 1 the result is placed 
back in register T. 


SLEEP 


~ 
1 


1 


0~PD,1 
~TO; 
DOh~ WDT, 0 ~ WDT prescaler; 


TO,PD 


The power-down status bit (PD) iscleared. 
Time-out status bit (TO) is set. Watchdog 
Timer and its prescaler are cleared. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


The processor is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 


Subtract W from f 


SUBWF 
f,d 


~ 
1 


1 


(f-W) ~d 


C,DC,Z 


clrf 
Ox20 
movlw 
1 
subwf 
Ox20 


;f(20h)=0 
;wreg=l 
;f(20h)=f(20h)-wreg=0-1=FFh 
;Carry=O; Result 
is negative 


~ovlw 
OxFF 
movwf 
Ox20 
clrw 
subwf 
Ox20 
O=FFh 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


;f(20h)=FFh 
;wreg=O 
;f(20h)=f(20h)-wreg=FFh- 


Subtract (2's complement method) the W 
register from register T. 
If "d" is 0 the 
result is stored in the W register. 
If "d" is 


1 the result is stored back in register T. 


Swapf 


SWAPF 
f,d 


~ 
1 


1 


1<0:3> ~ 
d<4:7>, 1<4:7> ~ 
d<0:3>; 


None 


The upper and lower nibbles of register T 
are exchanged. 
If"d" 
is 0 the result is 


placed in W register. 
If "d" is 1 the result 


is placed in register T. 


Load TRIS Register 


TRIS 
f 


~ 
1 


1 


W ~ 
TRIS register f; 


None 


Description: 
TRIS registerf (f =5,6 or7) is loaded with 
the contents of the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Exclusive OR literal with W 


XORLW 
k 


11111 I kkkk I kkkk 
I 


1 


1 


(W .XOR. k) ~ W 


Z 


Description: 
The contents of the W register are XOR'ed 
with the 8-bit literal Uk". The result is 
placed in the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Exclusive OR W with f 


XORWF 
f,d 


~ 
1 


(W .XOR. f) ~ d 


Z 


Description: 
Exclusive OR the contents of the W reg- 
ister with register "1". If "d" is 0 the result 
is stored in the W register. 
If "d" is 1 the 
result is stored back in register "1". 


The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/0SC2 
pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. 
The WDT can be permanently disabled by 
programming a 'zero' into a special EPROM fuse which 
is not part of the normal program memory EPROM. 


The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, Voo and process variations from part to part (see 
DC specs). 
If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 


The 'CLRWDT' 
and 'SLEEP' 
instructions 
clear the 
WDT and the prescaler count, if assigned to the WDT, 
and prevent it from timing out and generating a device 
RESET condition. 


The status bit, TO, in the STATUS register, will be 
cleared upon a Watchdog Timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 


11.2 WDT Programming Considerations 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.1 Oscillator Types 


The PIC16C5X series is available with four different 
oscillator options. On windowed 
devices, a particular 


oscillator circuit can be selected by programming the 
configuration EPROM accordingly. 
On OTP and QTP 
devices, the oscillator configuration 
is programmed by 
the factory and the parts are tested only to the according 
specifications. 


12.2 Crystal Oscillator 


The PIC16C5X-XT, -HS, or LP needs a crystal or ce- 
ramic resonator connected to the OSC1 and OSC2 pins 
to establish oscillation (Figure 12.2.1). XT = Standard 
crystal oscillator, HS =High speed crystal oscillator. The 
series resistor RS may be required for the 'HS' oscilla- 
tor, especially at lower than 20 MHz oscillation fre- 
quency. 
It may also be required in XT mode with AT 
strip-eut type crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing insensitive applications the 'RC' device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially 
for low Cext values. 


The user also needs to take into account variation to due 
tolerance of external Rand C components used. Figure 
12.3.1 shows how the RlC combination is connected to 
the PIC16C5X. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. 
For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive 
to noise, humidity 
and 
leakage. Thus, we recommend to keep Rext between 5 
kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, 
the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


• 


See the table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. 
The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18.0 for variation of oscil- 
latorfrequency due to voo for given RextlCext values as 
well asfrequency variation due to operating temperature 
for given R, C and Voo values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize 
other logic (see Figure 2.2.1 for 
timing). 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona- 
tor manufacturer for appropriate values of external com- 
ponents. 


FIGURE 12.2.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 
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Rs may be required in HS and XT modes for AT strip-cut 
crystals to avoid overdriving. 
See Tables 12.2.1 and 12.2.2 
for recommended 
values of C1, C2 per oscillator type and 
frequency. 


TABLE 12.2.1 - CAPACITOR SELECTION 
FOR CERAMIC 
RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 
Type 
Frequency 
Cl =C2 


XT 
455 KHz 
150 - 330 pF 
2.0 MHz 
20 - 330 pF 
4.0 MHz 
20 - 330 pF 
HS 
8.0 MHz 
20 - 200 pF 


FIGURE 12.2.2 - EXTERNAL CLOCK INPUT 


OPERATION (HS, XT, or LP 
TYPES ONLY) 


CLOCK FROM 
~ 
OSCI 
EXT. SYSTEM 


OPEN 
0SC2 


TABLE 12.2.2 - CAPACITOR SELECTION FOR 


CRYSTAL OSCILLATOR 


Osc 
Freq 
Cl 
C2 
Type 


LP 
32 KHz 
15 pF 
15 pF 


XT 
100 KHz 
15-30pF 
200 - 300 pF 


200KHz 
15-30pF 
100 -200 pF 


455 KHz 
15 - 30 pF 
15-1OOpF 


1 MHz 
15 - 30 pF 
15-30pF 


2 MHz 
15 pF 
15 pF 


4 MHz 
15 of 
15 of 


HS 
4MHz 
15 pF 
15 pF 


8MHz 
15 pF 
15 pF 


20 MHz 
15 pF 
15 pF 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. 
Rs may be required in HS 


mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, 
the user should consult the 


crystal manufacturer for appropriate values of external 
components. 


FIGURE 12.3.1 - RC OSCILLATOR 
(RC TYPE ONLY) 


Gext I 


Vss -= 


FIGURE 13.1.1 - EXTERNAL POWER 
ON RESET CIRCUIT 


0 
R 


R1 
MCLR 
I 
C 
PIC16C5X 
Notes: 
= 
1. 
External power on reset circu~ is required only n Voo 
power-up slope is too slow Dr if a low frequency 
crystal oscillator 
is being used that need a long 
start-up 
time. 
The diode 
0 helps discharge 
the 
capacitor quickly when VOOpowers down. 


2. 
R < 40 KO must be observed 
to make sure that 
voltage drop across R does not exceed 0.2 V (max 
leakage current 
spec on MCLR pin is 5 ~~ 
larger vottage drop will degrade V H level on MCLR 
pin. 


3. 
R1= lOOn 
to 1KO will limit any current 
flowing 
into 
MCLR 
from 
external 
capacitor 
C 
in 
the 
event 
of MCLR 
pin breakdown 
due to ESO or 
EOS. 


FIGURE 13.1.2 - BROWN OUT PROTECTION 
CIRCUIT 


Voo 
33K 


Notes: 
1. This circuit 
will activate 
reset when VOO goes 
below ryz + 0.7 V) where Vz = Zener vottage. 


FIGURE 13.1.3 - BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This brown circuit 
is less expensive, 
albeit less 
accurate. 
Transistor 
01 turns off when VOO is 
below a certain level such that: 


voo. _R_1_ 
=0.7V. 
R1 +R2 


13.0 
OSCILLATOR 
START-UP TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) 
level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications . 


The OST will also be triggered upon a Watchdog Timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16C5X from SLEEP 
mode automatically. 


The OST is not adequate for low frequency 
crystals 
which require much longer than 18ms to start-up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC16C5X incorporates an on chip Power-On Re- 
set (POR) circuitry which provides internal chip reset for 
most power-up situations. To use this feature the user 
merely needs to tie MCLR pin to VOO.A simplified block 
diagram of the on-chip power on reset circuit is shown in 
Figure 13.1.4. 
The Power-On Reset circuit and the 
oscillator start-up timer circuit are closely related. 
On 
power-up the reset latch is set and the start-up timer (see 
Figure 13.1.4) is reset. The start-up timer begins count- 
ing once it detects MCLR to be high. After the time-out 
period, which is typically 18ms, it will reset the reset- 
latch and thus end the on-chip reset signal. 


Figures 13.1.5 and 13.1.6 are two power-up situations 
with relatively fast rise time on Voo. 
In Figure 13.1.5, 
Voo is allowed to rise and stabilize 
before bringing 
MCLR high. 
The chip will actually come out of reset 
lOST ms after MCLR goes high. In Figure 13.1.6, the on 
chip Power-On Reset feature is being utilized (MCLR 
and Voo are tied together). The Voo is stable before the 
start-up timer times out and there is no problem in getting 
a proper reset. 
Figure 13.1.7 depicts 
a potentially 
problematic situation where Voo rises too slowly. In this 
situation, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip is, therefore, 
not guaranteed to function correctly. 


To summarize, the on-chip Power-On Reset is guaran- 
teed to work if the rate of rise of Voo is no slower than 
0.05 V1ms. It is also necessary that the Voo starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start-up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 
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When 'A:>orises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset propertyif, and only if, Vl~ VDDMIN. 


The power-down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timerwill be cleared but keeps 
running, the bit PO inthe STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
I/O ports maintain the status they had, before the SLEEP 
command was executed (driving high, low, or hi-imped- 
ance). 


For lowest current consumption in this mode, all I/O pins 
should be either at Voo, or Vss, with no ex1ernalcircuitry 
drawing current from the I/O pin. VO pins that are in the 
High-Z mode should be pulled high or low ex1ernally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss 
for lowest 
current consumption. 


The ~ 
pin must be at VIHMC. 


14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an externally applied "low' 
pulse at the ~ 
pin. In both cases the PIC16C5X will 
stay in RESET mode for one oscillator start-up timer 
period (triggered from rising edge on ~ 
or WOT 
timeout) before normal program execution resumes. 


The PO bit in the STATUS register, which is set to one 
during power-on , but cleared by the 'SLEEP" 
com- 
mand, can be used to determine if the processor was 
powered up or awakened from the power-down mode 
(Table 4.5.1.2). The TO bit in the STATUS register can 
be used to determine if the 'wake up" was caused by an 
ex1ernal ~ 
signal or a Watchdog Timer timeout. 


NOTE: Some applications may require ex1emal AlC 
networks on the MCLR pin in order to allow for oscillator 
startup times longer than one OST period. In this case, 
a WOT wake up from power-down mode is not recom- 
mended, because a RESET generated by a WOT time 
out does not discharge the ex1ernal capacitor, and the 
PIC16C5X will be in RESET only for the Oscillator Start- 
up Timer period. 


The configuration 
EPROM consists of four EPROM 
fuses which are not part of the normal EPROM for 
program storage. 


Two are for the selection of the oscillator type, one is the 
Watchdog 
Timer enable fuse, and one is the code 
protection fuse. 


OTP or QTP devices have the oscillator configuration 
programmed 
by the factory and the parts are tested 
accordingly. The packages are marked with the suffixes 
'XT', 
'RC', 
'HS' 
or 'LP' following the part number to 
identify the oscillator type and operating range. 


15.1 Customer 10 Code 


The PIC16C5X series has 16 special EPROM bits which 
are not part of the normal program memory. These bits 
are available to the user to store an Identifier (10) code, 
checksum, or other informative data. They cannot be 
accessed during normal program execution. 


• 


15.2 Code Protection 


The program code written 
into the EPROM can be 
protected by programming the code protection fuse with 
·0·0 


When code protected, 
the contents 
of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. 
In addition, 
all memory 
locations starting 
at O40h and above are protected 
against programming. 


It is still possible to program locations OOOh- 03Fh, the 
ID locations and the configuration fuses. 


Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOOXXXX'(binary) where X is 1 or O. To verify a 
device after code protection, follow this procedure: 


a. 
First, program and verify a good device without code 
protecting it. 


b. 
Next, blow its code protection fuse and then load its 
contents in a file. 


c. 
Verify any code-protected Part against this file. 


16.1 Absolute Maximum Ratings· 


Ambient temperature under bias 
-SS·C to +12S'C 


Storage Temperature 
- 6S'C to +1S0'C 


Voltage on any pin with respect to Vss 
(except Voo and MCLR) 
-C.6V to Voo +0.6 V 


Voltage on Voo with respect to vss 
0 to +7.S V 


Voltage on MCLR with respect to Vss 
(Note 2) 
0 to +14 V 


Total power Dissipation (Note 1) 
800 mW 


Max. Current out of Vss pin .......•.................... 150 mA 
Max. Current into Voo pin 
SOmA 


Max. Current into an input pin 
±500 lJA 


Input clamp current, 11K (VI<O or VI>VOO) 
±20 mA 


Output clamp current, 10K (VO<Oor VO>Voo) . ±20 mA 
Max. Output Current sinked by any 1/0 pin 
2S mA 


Max. Output Current sourced by any 1/0 pin 
20 mA 


Max. Output Current sourced by a single 
1/0 port (Port A, B, or C) 
40 mA 


Max. Output Current sinked by a single 
1/0 port (Port A, B, or C) 
SomA 


"Notice:Stressesabovethoselistedunder"MaximumRatings" 
maycausepermanentdamageto the device. This is a stress 
ratingonlyandfunctionaloperationofthedeviceatthoseorany 
otherconditionsabovethoseindicatedinthe operationlistings 
ofthisspecificationisnotimplied.Exposureto maximumrating 
conditionsfor extendedpertodsmayaffect device reliability. 


Notes: 1. Total power dissipation should not exceed 800 


mW for the package. 
Power dissipation 
is 


calculated as follows: 
Pdis = voo x {Ioo - I loh) + I ((Voo-Voh) x loh) 
+ I(Vol 
x 101) 
2. Voltage spikes below Vss at the MCLR pin, 


inducing currents greater than SOmA, may 
cause latch-up. Thus, a series resistor of SO- 
100n should be used when applying a "low' 
level to the MCLR pin rather than pulling this 
pin directly to Vss. 


Name 
Function 
Description 


RAO- RA3 
1/0 PORTA 
Four inpuVoutputlines. 


RBO - RB7 
1/0 PORTB 
Eight inpuVoutput lines. 
RCO- RC7 
1/0 PORTC 
Eight inpuVoutputlines, 
(PIC16CSS/CS7 only). 
RTCC 
Real Time Clock/Counter 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 
-- 
to reduce current consumption. 
MCLR 
Master Clear 
Schmitt Trigger Input. 
A "Low" voltage on this input generates a RESET condition 
for the PIC16CSX microcontroller. 
A rising voltage triggers the on-{;hip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Voo. 
OSC1 
Oscillator (input) 
"Xr, 
"HS" and "LP" devices: Input terminal for crystal, 


ceramic resonator, or extemal clock generator. 
"RC" devices 
: Driver terminal for external RC combination 


to establish oscillation. 
OSC2ICLKOUT 
Oscillator (output) 
For "XT", "HS" and "LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. 
Leave open if external clock generator is used. 


For "RC" devices: 
A "CLKOUT" signal with a frequency of 


1/4 Fosc1is put out on this pin. 
Voo 
Power supply 


Vss 
Ground 


NlC 
No (internal) Connection 


• 


PIC16C5X Series 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 
POWER SUPPLY PINS 
Operating temperature 
Os TA S +70'C, unless otherwise stated 


Operating voltage Voo = 3.0V to 5.5V unless otherwise stated 


Typ 
Characteristic 
Sym 
Min 
(Note 1) 
Max 
Units 
Conditions 


Supply Voltage 
PIC 16C5X-XT 
Voo 
3.0 
6.25 
V 
Fosc= DC to 4 MHz 
PIC16C5X-RC 
3.0 
6.25 
V 
Fosc= DC to 4 MHz 
PIC16C5X-HS 
4.5 
5.5 
V 
Fosc= DC to 20 MHz 
PIC16C5X-LP 
2.5 
6.25 
V 
Fosc= DC to 40 KHz 
RAM Data Retention 
VOR 
1.5 
V 
Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to 
VPOR 
Vss 
V 
See Section 13.1 for details on power on 


guarantee 
power on reset 
reset 
Voo rise rate to guarantee 
Svoo 
0.05 
V/ms 
See Section 13.1 for details on power on 
power on reset 
Supply Current 
(Note 2) 
PIC16C5X-XT 
100 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = 5.5V 
PIC16C5X-RC (Note 5) 
1.8 
3.3 
mA 
Fosc= 4 MHz, voo = 5.5V 
PIC16C5X-HS 
4.8 
10 
mA 
Fosc=10 MHz, Voo = 5.5V 
9.0 
20 
mA 
Fosc= 20 MHz, Voo = 5.5V 
PIC16C5X-LP 
15 
32 
J.IA 
Fosc= 32 KHz, Voo=3.0V, WDT disabled 
Power Down Current 
(Note 4) 
PIC16C5X 
Ipo 
4 
12 
J.IA 
Voo = 3.0V, WDT enabled 
0.6 
9 
J.IA 
Voo = 3.0V, WDT disabled 


Note 3: 
Note 4: 


Data in the column labeled 'Typical' 
is based on characterization 
results at 25"C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 
OSC1 =extemal square wave, from rail to rail; all 1/0 pins tnstated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mAl with Rext in kOhm. 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER 
SUPPLY 
PINS 
Operating temperature 
-40 ~ TA ~ +85"C, unless otherwise stated 


Operating voltage Voo = 3.5V to 5.5V unless otherwise stated 


Typ 
Characteristic 
Sym 
Min 
(Note 1) 
Max 
Units 
Conditions 


Supply Voltage 
PIC16C5X-XT 
Voo 
3.0 
6.25 
V 
Fosc= DC to 4 MHz 
PIC16C5X-RC 
3.0 
6.25 
V 
Fosc= DC to 4 MHz 
PIC16C5X-HS 
4.5 
5.5 
V 
Fosc= DC to 20 MHz 
PIC16C5X-LP 
2.5 
6.25 
V 
Fosc= DC to 40 KHz 
RAM Data Retention 
VOR 
1.5 
V 
Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to 
VPOR 
Vss 
V 
See section 13.1 for details on power on 
guarantee 
power on reset 
reset 
Voo rise rate to guarantee 
Svoo 
0.05" 
V/ms 
See section 13.1 for details on power on 
power on reset 
reset 
Supply 
Current 
(Note 2) 
PIC16C5X-XT 
100 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = 5.5V 
PIC16C5X-RC (Note 5) 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = 5.5V 
PIC16C5X-HS 
4.8 
10.0 
mA 
Fosc= 10 MHz, Voo = 5.5V 
9.0 
20.0 
mA 
Fosc= 20 MHz, Voo = 5.5V 
PIC16C5X-LP 
19 
40 
llA 
Fosc= 32 KHz, voo = 3.0V, WDT disabled 
Power Down Current 
(Note 4) 
PIC16C5X 
Ipo 
5 
14 
llA 
Voo = 3.0V, WDT enabled 
0.8 
12 
llA 
Voo = 3.0V, WDT disabled 


Data in the column labeled 'Typical' 
is based on characterization 
results at 25"C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 
OSCl = external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled 
as specified. 


b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. ' 


Note 3: 
Note 4: 


• 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER SUPPLY PINS 
Operating temperature 
-40 $ TA $ +125"C, unless otherwise stated 


Operating voltage Voo = 3.5V to 5.5V unless otherwise stated 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Supply Voltage 
PIC16C5X-XT 
Voo 
3.25 
6.0 
V 
Fosc= DC to 4 MHz 
PIC16C5X-RC 
3.25 
6.0 
V 
Fosc= DC to 4 MHz 
PIC16C5X-HS 
4.5 
5.5 
V 
Fosc= DC to 20 MHz 
PIC16C5X-LP 
2.5 
6.0 
V 
Fosc= DC to 40 KHz 
RAM Data Retention 
VOR 
1.5 
V 
Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to 
VPOR 
Vss 
V 
See section 13.1 for details on power on 


guarantee 
power on reset 
reset 
Voo rise rate to guarantee 
Svoo 
0.05' 
V/ms 
See section 13.1 for details on power on 
power on reset 
reset 
Supply Current 
(Note 2) 
PIC16C5X-XT 
100 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = 5.5V 
PIC16C5X-RC (Note 5) 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = 5.5V 
PIC16C5X-HS 
4.8 
10.0 
mA 
Fosc= 10 MHz, Voo = 5.5V 
9.0 
20.0 
mA 
Fosc= 16 MHz, Voo = 5.5V 
PIC16C5X-LP 
25 
55 
!1A 
Fosc= 32 KHz, Voo = 3.25V, WDT disabled 
Power Down Current 
(Note 4) 
PIC16C5X 
Ipo 
5 
22 
~A 
Voo = 3.25V, WDT enabled 
0.8 
18 
!1A 
Voo = 3.25V, WDT disabled 


Data in the column labeled 'Typical' 
is based on characterization 
results at 25"C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 
OSCl = external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = VoD!2Rext (mA) with Rext in kOhm. 


Note 3: 
Note 4: 


16.6 
DC CHARACTERISTICS; 
PIC16C5X-RC. 
XT. HS. LP (Commercial) 
PIC16C5XI-RC. 
XT. HS, LP (Industrial) 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 


ALL 
PINS EXCEPT 
POWER 
SUPPLY 
Operating temperature -40 < TA < +85'C for industrial 


and O'C:'>TA:'>+70'C for commercial 


Operating voltage Voo range as described in DC spec tables 


16.3 and 16.4 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Input Low Voltage 


110 ports 
VIL 
Vss 
0.2 Voo 
V 
Pin at hi-impedance 
MCLR (SChmitt trigger) 
Vss 
0.15 Voo 
V 
RTCC (Schmitt trigger) 
Vss 
0.15 Voo 
V 
OSC1 (Schmitt trigger) 
vss 
0.15 Voo 
V 
PIC16C5XRC only (Note 5) 
OSC1 
Vss 
0.3 Voo 
V 
PIC16C5X-XT, HS, LP 
Input High Voltage 


110 ports 
VIH 
0.45 Voo 
Voo 
V 
For all Voo (Note 6) 
2.0 
Voo 
V 
4.0 V < Voo :'>5.5 V (Note 6) 
0.36 Voo 
Voo 
V 
Voo > 5.5 V 
-- 
MCLR (SChmitt trigger) 
0.85 Voo 
Voo 
V 
RTCC (Schmitt trigger) 
0.85 Voo 
Voo 
V 
OSC1 (Schmitt trigger) 
0.85 Voo 
Voo 
V 
PIC16C5X-RC only (Note 5) 
OSC1 
0.7 Voo 
Voo 
V 
PIC16C5X-XT, HS, LP 
Input Leakage Current 
For voo :'>5.5V 
(Notes 3, 4) 


110 ports 
IlL 
-1 
0.5 
+1 
!LA 
Vss :'>VPIN:'>Voo, 


-- 
Pin at hi-impedance 
MCLR 
-5 
!LA 
VPIN= Vss + 0.25V 
MCLR 
0.5 
+5 
!LA 
VPIN= Voo 
RTCC 
-3 
0.5 
+3 
!LA 
Vss :'>VPIN:'>Voo 
OSC1 
-3 
0.5 
+3 
!LA 
Vss :'>VPIN:'>Voo , 
PIC16C5X-XT, HS, LP 
Output 
Low Voltage 


110 Ports 
VOL 
0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 
OSC2ICLKOUT 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 
IPIC16C5X-RC\ 
Output 
High Voltage 


110 Ports (Note 4) 
VOH 
Voo-0.7 
V 
IOH= -5.4 mA, Voo = 4.5V 
OSC2ICLKOUT 
Voo-0.7 
V 
IOH= -1.0 mA, Voo = 4.5V 
(PIC16C5X-RC) 


Note 1: Data inthe column labeled 'Typical' is based on characterization results at 25' C. This data is for design guidance 


only and is not tested for, or guaranteed by Microchip Technology. 
Note 2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 


represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 
Note 5: For PIC16C5XRC devices, the OSC1 pin is a SChmitt trigger input. It is not recommended that the PIC16C5X 


be driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 


• 


PIC16C5X Series 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 


ALL 
PINS EXCEPT 
POWER 
SUPPLY 
Operating temperature -40 < TA < +125"C 


Operating voltage Voo range as described in DC spec tables 


16.3 and 16.4 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Input Low Voltage 
1/0 ports 
VIL 
Vss 
0.15 Voo 
V 
Pin at high-impedance 
MCLR (Schmitt trigger) 
Vss 
0.15 Voo 
V 
RTCC (Schmitt trigger) 
Vss 
0.15 Voo 
V 
OSC1 (Schmitt trigger) 
Vss 
0.15 Voo 
V 
PIC16C5XRC only (Note 5) 
OSC1 
Vss 
0.3 Voo 
V 
PIC16C5X-XT, HS, LP 


Input High Voltage 
1/0 ports 
VIH 
0.45 Voo 
Voo 
V 
For all Voo (Note 6) 
2.0 
Voo 
V 
4.0 V < Voo S 5.5 V (Note 6) 
0.36 Voo 
Voo 
V 
Voo > 5.5 V 
-- 
V 
MCLR (Schmitt trigger) 
0.85 Voo 
Voo 
RTCC (Schmitt trigger) 
0.85 Voo 
Voo 
V 
OSC1 (Schmitt trigger) 
0.85 Voo 
voo 
V 
PIC16C5X-RC only (Note 5) 
OSC1 
0.7 Voo 
Voo 
V 
PIC16C5X-XT, HS, LP 


Input Leakage Current 
For Voo :55.5V 
(Notes 3, 4) 
1/0 ports 
IlL 
-1 
0.5 
+1 
!LA 
Vss S VPINS Voo, 


-- 
Pin at hi-impedance 
MCLR 
-5 
~A 
VPIN= Vss + 0.25V 
MCLR 
0.5 
+5 
~A 
VPIN= Voo 
RTCC 
-3 
0.5 
+3 
!LA 
Vss S VPINS Voo 
OSC1 
-3 
0.5 
+3 
~A 
Vss S VPINS Voo • 
PIC16C5X-XT, HS, LP 


Output 
Low Voltage 
1/0 Ports 
VOL 
0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 
OSC2ICLKOUT 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 
(PIC16C5X-RC) 


Output High Voltage 
1/0 Ports (Note 4) 
VOH 
Voo-0.7 
V 
IOH= -5.4 mA, Voo = 4.5V 
OSC2ICLKOUT 
Voo-0.7 
V 
IOH= -1.0 mA, Voo = 4.5V 
(PIC16C5X-RC) 


Note 1: Data in the column labeled 'Typical' is based on characterization results at 25" C. This data is for design guidance 


only and is not tested for, or guaranteed by Microchip Technology. 


Note 2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 
Note 5: For PIC16C5XRC deVices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C5X 


be driven with extemal clock in RC mode. 


Note 6: The user may use better of the two specifications. 


16.8 
AC 
CHARACTERISTICS; 
PIC16C5X-RC. 
XT. 
HS. 
LP (Commercial) 


PIC16C5XI-RC. 
XT. 
HS. 
LP (Industrial) 


PIC16C5XI-RC. 
XT. 
HS. 
LP 
(Automotive) 


AC 
CHARACTERISTICS 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating 
temperature 
TA = -4O'C to +85'C (industrial), 
TA = -4O'C to +12S'C (automotive) 
and O'C:!>TA:!>+70'C (commercial) 
Operating 
voltage 
Voo range 
as described 
in DC spec 
tables 
16.3 and 16.4 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 


(Note 1) 


External 
ClOCKIN 
Fosc 
DC 
4 
MHz 
RC mode 


Frequency 
(Note 2) 
DC 
4 
MHz 
XTmode 


DC 
20 
MHz 
HS mode 
(Com/lnd) 


DC 
16 
MHz 
HS mode 
(Automotive) 


DC 
40 
KHz 
LP mode 


Oscillator 
Frequency 
Fosc 
DC 
4 
MHz 
RC mode 


(Note 2) 
0.1 
4 
MHz 
XTmode 


4 
20 
MHz 
HS mode 
(Com/lnd) 


4 
16 
MHz 
HS mode 
(Automotive) 


DC 
40 
KHz 
LP mode 
Instruction 
Cycle Time 
Tcy 
1.0 
4IFosc 
DC 
lIS 
RC mode 
(Note 2) 
1.0 
DC 
lIS 
XT mode 


0.2 
DC 
lIS 
HS mode 


100 
DC 
lIS 
LP mode 
External 
Clock In Timing 


(Note 4) 
Clock in (OSC1) High or Low Time 
XT oscillator type 
TCKHLXT 
50' 
ns 
LP oscillator type 
TCKHLLP 
2' 
lIS 
HS oscillator 
type 
TCKHLHS 
20' 
ns 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type 
TCKRFXT 
25' 
ns 
LP oscillator type 
TCKRFLP 
50' 
ns 
HS oscillator 
type 
TCKRFHS 
25' 
ns 
,. 


RESET Timing 
MCLR Pulse Width (low) 
TMCL 
100' 
ns 
RTCC Input Timing, 
No Prescaler 


RTCC High Pulse Width 
TRTH 
0.5 Tcy+ 20' 
ns 
Note 3 
RTCC Low Pulse Width 
TRTL 
0.5 Tcy+ 20' 
ns 
Note 3 
RTCC Input Timing, 
With Prescaler 
RTCC High Pulse Width 
TRTH 
10' 
ns 
Note 3 
RTCC Low Pulse Width 
TRTL 
10' 
ns 
Note 3 
RTCC Period 
TRTP 
TCY+40 , 
ns 
Note 3. Where N = prescale 
N 
value (2,4, ..., 256) 
Watchdog 
Timer Timeout 
Period 
(No Prescaler) 
TWOT 
9' 
18' 
30' 
ms 
voo = 5.0V 
Oscillation 
Start-up Timer Period 
TOST 
9' 
18' 
30' 
ms 
VDD= 5.0V 
I/O Timing 


I/O Pin Input Valid Before 


CLKOUTi 
(RC Mode) 
TDS 
0.25 TcY+ 30' 
ns 
I/O Pin Input Hold After 


CLKOUTi 
(RC Mode) 
TDH 
0' 
ns 
I/O Pin Output Valid After 
CLKOUTJ. (RC Mode) 
TPD 
40' 
ns 


• 


1. Data in the column labeled "Typical' is based on characterization 


results at 2S'C. This data is for design guidance only and is not 


tested for, or guaranteed by Microchip Technology. 


2. Instruction cycle period (lcy) equals four times the input oscillator 


time base period. 


All specified values are based on characterization data for that 


particular oscillator type under standard operating conditions with 


the device executing code. Exceeding these specified limits may 


result in an unstable oscillator operation and/or higher than ex- 


pected current consumption. All devices are tested to operate at 


'min.' values with an external clock applied to the OSC1pin. 


When an external clock input Is used, the "Mal." cycle time limit 


Is "DC" (no clock) for all deylces. 


3. For a detailed explanation of ATCC input clock requirements see 


section 4.2.1. 


4. Clock-in high-time is the duration for which clock input isatVIHOSC 


or higher. 


Clock-in low-time is the duration for which clock input is atVILOSC 


or lower. 


16.9 ElectricalStructureof Pins 
17.0 TIMING DIAGRAMS 


FIGURE 16.9.1· 
ELECTRICAL 
FIGURE 17.0.1 - RTCC TIMING 


STRUCTURE OF I/O PINS (RA, RB, RC) 


FIGURE 16.9.2 - ELECTRICAL 
FIGURE 17,0.2 - OSCILLATOR 
START-UP TIMING (PIC16C5XRC) 
STRUCTURE OF MCLR AND RTCC PINS 
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Notes to Figures 16.9.1 and 16.9.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect against ESD 
(Electrostatic discharge) and EOS(Electrical overstress). Ain is a small resistance to further protect the input buffer from ESD. 
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The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. 
In 


some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified Voo 
range). 
This is for information only and devices are 


guaranteed to operate property only within the specified 
range. 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over a 
period of time. 
'Typical' represents the mean of the 


distribution while 'max' or 'min' represents (mean + 30") 
and (mean - 30") respectively 
where 
(J is standard 


deviation. 


FIGURE 18.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo* 
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FIGURE 18.0.3 - TYPICAL RC OSCILLATOR 
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FIGURE 18.0.4 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo* 
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FIGURE 18.0.5 - TYPICAL lpel vs Voo 
WATCHDOG DISABLED 2S*C 
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TABLE 18.0.1 - RC OSCILLATOR 
FREQUENCIES· 


Cext 
Rext 
Average 


Fosc @ SV, 2S·C 


20pF 
3.3k 
4.973 MHz 
±27% 


5k 
3.82 MHz 
±21% 


10k 
2.22 MHz 
±21% 


lOOk 
262.15 KHz 
±31% 


loopF 
3.3k 
1.63 MHz 
±13% 


5k 
1.19 MHz 
±13% 


10k 
648.64 KHz 
±18% 


lOOk 
71.56 KHz 
±25% 


300pF 
3.3k 
660.0 KHz 
±10% 


5k 
484.1 KHz 
±14% 


10k 
267.63 KHz 
±15% 


lOOk 
29.44 KHz 
±19% 


The percentage variation indicated here is part to part 
variation due to normal process distribution. 
The varia- 


tion indicated is ±3 standard deviation from average 
value for voo = 5V. 


FIGURE 18.0.6 - TYPICAL Ipd vs Voo 
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FIGURE 18.0.7 - MAXIMUM Ipd vs Voo 
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• 
IPD, with watchdog 
timer enabled, has two components: 
The leakage current which increases 
with higher temperature 
and the 


operating current of the watchdog timer logic which increases with lower temperature. 
At -40·C. the lalter dominates explaining the 
apparently anomalous 
behavior. 
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FIGURE 18.0.15 - WDT Timer Time-out Period 
vs Voo 
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FIGURE 18.0.16 - Transconductance (gm) of 


HS Oscillator vs Voo 


9000 


8000 


7000 


6000 
I 
5000 


E 
Ol 
4000 


3000 


2000 


1000 


0 


2 
3 
4 
5 
6 
7 


VrD (Volts) 


FIGURE 18.0.17· 
Transconductance (gm) of 
LP Oscillator vs Voo 
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FIGURE 18.0.18· 
Transconductance (gm) of 
XT Oscillator vs Voo 
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TABLE 18.0.2· INPUT CAPACITANCE FOR 
PIC16C54156 * 


Typical 
Capacitance 
(pF) 
Pin Name 
18L PDIP 
18L SOIC 


RA port 
5.0 
4.3 
RS port 
5.0 
4.3 
MCLR 
17.0 
17.0 
OSC1 
4.0 
3.5 
OSC2ICLKOUT 
4.3 
3.5 
RTCC 
3.2 
2.8 


• 
All capacitance values are typical at 25"C and mea- 
sured at1 MHz. A part to part variation of ±25% (three 
standard deviations) should be taken into account. 
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TABLE 18.0.3 • INPUT CAPACITANCE FOR 
PIC16C55157 * 


Typical 
Capacitance 
(pF) 


Pin Name 
28L PDIP 
28L SOIC 
(600 mil) 


RA port 
5.2 
4.8 
RS port 
5.6 
4.7 
RC port 
5.0 
4.1 
MCLR 
17.0 
17.0 
OSC1 
6.6 
3.5 


OSC2ICLKOUT 
4.6 
3.5 
RTCC 
4.5 
3.5 


19.1 Package 
Marking Information 


18L PDIP 


MMMMMMMMMMMMXXX 
o MMMMMMMMXXXXXXX 
~AABB 
CDE 


MMMMMMMMM 


MMMMMMMMM 


O~AABB 
CDE 


28LSOIC 


MMMMMMMMMMMMMMMX 
xxxxxxxxxxxxxxxxxxxx 


()~ 
AABB CDE 


28L PDIP (.300 mil) 


XXXXXXXXXXXXXXX 
o XXXXXXXXXXXXXXX 
~AABB 
CDE 


xxxxxxxxxxxx 
xxxxxxxxxxxx 


iO~AABB 
CDE 


XXXXXXXX 


XXXXXXXX 


O~AABB 
CDE 


PIC16C56- 
o RCI/P456 
~9123 
CBA 


PIC16C54- 


XTI/S0218 


1()~9118 
CDK 


O~9051 
CBK 


PIC16C56- 
o RCI/P456 
~9123 
CBA 


PIC16C54 
XTI1218 


O~9051 
CBP 


Microchip 
part number 
information 
Customer 
specific 
information" 
Year code (last 2 digits of calendar 
year) 
Week code (week of January 
1 is week '01') 
Facility code of the plant at which wafer is manufactured. 


C = Chandler, 
Arizona, 
U.S.A. 


Mask revision 
number 
Assembly 
code of the plant or country 
of origin in which 


part was assembled. 


Note: 
In the event the full Microchip 
part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available 
characters 
for customer 
specific 
information. 


"Standard 
OTP marking 
consists of Microchip 
part number, 
year code, week code, 
facility code, mask rev #, and assembly 
code. 
For OTP marking 
beyond this, 
certain price adders apply. 
Please check wnh your Microchip 
Sales Office. 
For 
aTP 
devices, 
any special marking adders are incuded 
in aTP 
price. 


MM 
M 
XX 
X 
AA 
BB 
C 


• 


PIC16C5X Series 


19.1 Package 
Marking 
Information 
{Cont.> 


28L PDIP (.600 mil) 
Example 


MMMMMMMMMMMMXXX 
PIC16C55- 
MMMMMMMMXXXXXXX 0 
o XTI/P126 
0 
o xxxxxxxxxxxxxxx 
~AABB 
CDE 
~ 
9042 
CDA 
MIcAactt", 
MlcRacNp 


18LCerdip 
Example 
f~D=1 
D~ o PIC16C54 


""'"'"- 
9101 
CBA 


28L Cerdlp 
Example 


'-./ 
'-' 


~ 
~ 
MICRDCHIP 
MICROCHIP 
0 
0 


MMMMMMMMMM 
PIC16C57 


MMMMMM 


AABB 
CDE 
9038 
CBA 


Microchip part number information 
Customer specific information' 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


Legend: 
MM ...M 
XX ..,X 
AA 
BB 
C 


• 
Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. ForOTP marking beyond this, certain 
price adders apply. 
Please check with your Microchip Sales Office. 
For aTP 
devices, any special marking adders are included in aTP price. 


20.1 
Development Tools 


The PIC16C5X and PIC16CXX 
microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


PICMASTERTM Real-Time In-Circuit Emulator 
PRO MATETMUniversal Programmer 
PICSTARTTMLow-Cost Prototype Programmer 
• 
Assembler 
Software Simulator 


20.2 PICMASTERTM:High Performance 
Universal In-Circuit Emulator 


The PICMASTER 
Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller 
design tool set for all 
microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all new 
PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 
machines ranging from 80286-A -re class 
ISA-bus systems through the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft Windows" 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER 
has been designed as a real-time 
emulation 
system with advanced 
features 
generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


Common 
Interface Card 
PC Compatible 
Computer 
(AT/ISA Bus) (for Industry Standard Architecture) 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


• 
Host-Interface Card 


Emulator Control Pod 
• 
Target-Specific Emulator Probe 
PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 


PICMASTER system. 
• 


PICMASTER 
emulation can operate in one window, 


while a text editor is running in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. 
With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 
development of multi-microcontroller 
systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


20.3 
PRO MATETM:Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable 
Voo and VPP sup- 
plies which allows it to verify programmed memory 
at 
Voo min and Voo max for maximum reliability. 
It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. 
It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory holds data and parametric 
information 
even 
when powered down. 
It is ideal for low to moderate 
volume production. 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Voo min, Voo max and VPp levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. 
Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, 
serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular 'programming 
socket 
module'. 
Different socket modules are required for 
different 
processor 
types 
and/or 
package 
types. 
PRO MATE supports all PIC16C5X, 
PIC16CXX and 
PIC17CXX processors. 


20.4 
PICSTARTTM 
Programmer 


The PICSTARTTM programmer is an easy to use, very 
low-eost prototype programmer. 
It connects to the PC 
via one of the COM (RS232) ports. 
A PC based user 


interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 


20.5 
Assembler 
(MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports 
all 
microcontroller 
series 
including 
the 
PIC16C5X CMOS, PIC 16CXX and PIC 17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development 
tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 


assembled code. 


• 
Macro Directives 
control the execution and data 


allocation within macro body definitions. 


20.6 
Software 
Simulator 
(MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 


PIC16C5X and PIC16CXX series microcontrollers 
on 


an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. 
The input/output 


radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 


Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


20.7 
Development 
Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 19-1: 


TABLE 
20-1: 
DEVELOPMENT 
SYSTEM 
PACKAGES 


Item 
Name 
SystemDescrlplion 


1. 
PICMASTERTM PICMASTERIn-Circuit Emulator 
System 
with your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTARTTM 
PICSTARTTM 
Low-CostPrototype 


System 
Programmer,Assembler,Software 
Simulatorand Samples 


20.8 
Probe 
Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 


PROBE 
Supported 
Frequency 
Voltage 


PROBE-16A 
PIC16C54, 
4MHZ 
4.5V -5.5V 


PIC16C55, 
PIC16C56, 
and PIC16C57 


PROBE -160 
PIC16C54, 
20 MHz 
4.5V- 
5.5V 


PIC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 


21.1 prototype 
Programmers 


Microchip's 
proprietary 
low cost 
PICSTART 
program- 
mer is ideal for programming 
during 
development 
and 
prototyping. 
It is not 
recommended 
for 
production 
programming. 


21.2 Production 
Quality Programmers 


Microchip's 
PRO MATE 
programmer 
can be used for 
reliable 
programming 
for production. 
High volume 
pro- 
gramming 
is also supported 
by production 
quality 
pro- 
grammers 
from third party sources. 
See Table 21.2.1. 


Microchip 
assumes 
no responsibility 
for replacing 
defec- 
tive units related 
to mechanical 
and/or 
electrical 
prob- 
lems of any third party programming 
equipment 
or the 
improper 
use of such equipment. 


Programming 
of the code 
protection 
bit (also 
called 
"security 
bit" or "security 
fuse") implies that the contents 
of the PIC16C5X 
EPROM can no longer be verified, thus 
making 
programming 
related failure analysis 
an impos- 


sibility. 


Microchip 
warrants 
that PIC16C5X 
units will not exceed 
a programming 
failure 
rate of 1% of shipment 
quality. 


Programming 
related 
failures 
beyond 
this level can be 
returned 
for replacement, 
again, 
if the security 
bit has 
not been programmed. 


21.3 Gang Programmers 


Gang programmers 
are available from third party sources. 


See Table 21.2.1. 


21.4 Factory Programming 


High volume factory programming 
(QTP) is an available 
service from Microchip 
Technology. 
A small price adder 
and minimum 
quantity 
requirements 
apply. 


Company 
Model 
Contact 
Company 
Model 
Contact 


ADVINSystems,Inc. 
PILOTT"-U40 
408-243-7000U.S. 
HI-LO 
ALL-03 
02 7640215Taiwan 


ApplicationSolutionsltd. 
Programmer 
273476608 U.K. 
Unk ComputerGraphics 
CLK-3100 
201-808-8990U.S. 


BaradineProductsltd. 
Micro-8urner'" 
604-988-9853Canada 
LogicalDevices,Inc. 
ALLPRO"'-88 
305-428-6868U.S. 


BPMicrosysterns 
CP-1128™ 
800-225-2102U.S. 
713-668-4600U.S. 
Parallax,Inc. 
PIC16C5X-PGM 
916-624-8333U.S. 


CitadelProductsLtd. 
PC-82 
44-819-511-848U.K. 
StagMicrosysterns 
PP39 
44-707-332-148U.K. 


Data1/0 Corporation 
Unisite'" with 
800-332-8246U.S. 
Transdata 
PGM16 
(214) 980 2960 
Site-48™module 
31(0) 6622866Europe 
PGM16x8 
(03) 432-6991Japan 
GangProgrammer 


ElanDigitalSystemsLtd. 
Ef-PER'" 
0489579799 U.K. 


5000Series 
(800)541-3526U.S. 
GangProgrammer 


• For a complete 
listing of all Microchip 
third party support, 
please 
refer to the Third Party Support Handbook 
(DSOO104A). 
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Connect world wide to the Microchip BBS using the 
CompuServee communications network. In most cases 
a local call is your only expense. 
The Microchip BBS 
connection 
does not use CompuServe 
membership 
services, therefore you 
do 
not 
need Compuserve 
membership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 
agent for details if you have a problem. 
CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8 bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166for9600 
baud connection. After the system responds with Hos t 
Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 
Trademarks: 


PIC is a registered 
trademark 
of Microchip 
Technology 
Incorporated 
in the U.S.A. 


The Microchip logo and name are trademarks 
of Microchip 
Technology 
Incorporated. 


PICMASTER, 
PRO MATE and PICST ART are trademarks of 
Microchip Technology 
Incorporated. 


IBM PC and AT are registered trademarks 
of IBM Corpora- 
tion. 


MS-DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe 
is a registered trademark of CompuServe 
Inc. 


All other trademarks 
mentioned 
herein are the property of 
their respective companies. 


• 


PIC16C5X 
Product 
Identification 
System 


To order or to obtain information, 
e.g., on pricing or delivery, 
please use the listed part numbers, 
and refer to the factory 


or the listed sales offices. 


PART NO. -XX 
X /XX XXX 
T ~Pattem: 


YPBCkage: 
PDIP 
300 mil SOIC (Gull Wing lead) 
28l PDIP (300 mil) 


SS 
= SSOP (209 mil) 
JW" = CERDIP Window 
S 
= Die in Waffle Pack 


Temperature 
Range: 
I 
E 


0' C to 
+70'C (T for tape/reel) 


-40' C to 
+85'C (S for tape/reel) 


-4Q'C to +125'C 


Examples: 
a) PIC16C54 - XT/PXXX = 'XT" oscillator, commercial 
temp., PDIP. aTP pattem 
b) PIC16C55· 
XTI/SO 
= 'XT" oscillator, industrial 
temp., SOIC (OTP device) 
c) PIC16C55 - JW 
= Commercial temp. 


CERDIP with WINDOW 
d) PIC16C57-RCI/S 
= 'RC oscillator", industrial temp., 


dice in waffle pack. 


Notes: 
" For UV-erasable devices, the oscillator type is RC by default (= erased device). 
The user can select XT, HS, 


or lP oscillators by programming the appropriate fuses. 


Oscillator 
Type: 
RC,HS 
XT,lP 


PICl6C54 
PICl6C55 
PIC16C56 
PICl6C57 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine n an errata sheet exists for a particular device, please contact one of the following: 


1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate lnerature Center 
U.S. FAX: (602) 786-7277 
3. 
The Microchip's Bulletin Board, via your local Compuserve number. 


Please specny which device, revision of silicon and Data Sheet (inclUde literature #) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 


PIC16CR54 


• Only 33 single word instructions to learn 
• All single cycle instructions (200ns) except for 
program branches which are two-cycle 
• Operating speed: 
DC - 20 MHz clock input 
DC - 200ns instruction cycle 
• 
12-bit wide instructions 
• a-bit wide data path 
• 512 x 12 on-chip ROM program memory 
• 25 x a general purpose registers (SRAM) 
• Seven special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes 


• 
121/0 pins with individual direction control 
• a-bit real time clock/counter (RTCC) with a-bit 
programmable prescaler 
• Power-on Reset 
• Oscillator Start-up Timer 
• Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 
• Security bit for code-protection 
• Power saving SLEEP mode 
• ROM mask selectable oscillator options: 
Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystaVresonator: HS 
- Power saving, low frequency crystal: LP 


• Low-power, high-speed CMOS ROM technology 
• Fully static design 
• Wide-operating voltage range: 


- Commercial: 2.0V to 6.25V 
- Industrial: 2.0V to 6.25V 
• Low-power consumption 


- < 2mA typical 
@ 5V, 4 MHz 
- 1511Atypical @ 3V, 32 KHz 
- < 1vA typical standby current @ 3V 


PDIP,SOIC, 
CERDIP Window 


_RA2 
_RA3 


--RTCC 
--MClR 
--Vss 
-ROO 
-RBI 
-RB2 
_RB3 


RA1- 
RAO- 
OSC1/ClKIN 
-- 


OSC2IClKOUT 
-- 
Voo- 
RB7- 
ROO- 
RBS- 
RB4_ 


_RA2 
_RA3 
-RTCC 
-MaJ'i 


-- 
Vss 


-- 
Vss 
-ROO 
_RBI 
_RB2 
-RB3 


RA1- 
RAO- 
OSC1IClKIN 
-- 


OSC2lCLKOUT 
--- 
Voo -- 
Voo -- 
RB7- 
RB6- 
RBS_ 
RB4- 


OVERVIEW 


PIC16CR54 is a fully compatible ROM-version of the 
PIC16C54 EPROM based microcontroller and a mem- 
ber of the 
PIC16C5X 
microcontroller 
family. 
The 
PIC16CR54 is a low-cost, high performance, a-bit, fully 
static CMOS microcontroller. 
It employs a RISC-like 
architecture with only 33 
single word/single cycle in- 


structions to learn. All instructions 
are single cycle 
(200ns) except in the case of program branches which 
take two cycles. The PIC16CR54 delivers performance 
an order of magnitude higher than its competitors in 
similar price category.The 12-bit wide instructions are 
highly symmetrical resulting in 2:1 code compression 
advantage over other a-bit microcontrollers 
in its cat- 


egory. The easy to use and easy to remember instruc- 
tion set reduces development time significantly. 


The customer can also take full advantage of the UV- 
erasable PIC16C54 EPROM version for code develop- 
ment. The cost-effective One Time Programmable (OTP) 
version 
allows the customer to move in to production 
without committing to a final ROM code. 


The PIC16CR54 is supported by an assembler, a soft- 
ware simulator and an in-circuit emulator. All the tools 
are supported by IBM PC" and compatible machines. 
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PIC16CR54 


1.1 
Applications 


The PIC16CR54 fits perfectly in applications 
ranging 


from high speed automotive and appliance motor control 
to low-power 
remote transmitters/receivers, 
pointing 


devices, and telecommunications processors. The small 
footprint package for through hole or surface mounting 
make this microcontroller perfect for all applications with 
space limitations. 
Low-cost, 
low-power, 
high-perfor- 


mance, 
ease 
of use, and 
1/0 flexibility 
make 
the 


PIC16CR54 
very versatile even in areas where 
no 


microcontroller 
use has been considered before (e.g. 


timer functions, 
replacement of "glue" logic in larger 


systems, co-processor applications). 


The Microchip Technology PIC16CR54 microcontroller 
is based on the proven architecture of the PIC16C5X 
product family. The PIC16CR54 is pin for pin compatible 
with the EPROM based PIC16C54, but it has the added 
advantage of an extended operating voltage. 


SRAM 
(2Sx8) 


GENERAL 
PURPOSE 
REGISTER 
FILE 


2.1 Harvard Architecture 


The PIC16CR54 single-ehip microcomputer 
is a low- 
power, high-speed, fully static CMOS device containing 
ROM, RAM, I/O, and a central processing 
unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (ROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. In other words, while one instruction is executed, 
the following instruction is already being read from the 
program memory. A block diagram of the PIC16CR54 is 
given in Figure 2.1.1. 


Name 
Function 


RAO- RA3 
I/O PORTA 


RBO- RB? 
I/O PORTB 


RTCC 
Real Time Clock/Counter 


MCLR 
Master Clear 


OSC1/CLKIN 
Oscillator (input)/External 
Clock Input 


OSC2ICLKOUT 
Oscillator (output) 


Voo 
Power supply 


Vss 
Ground 


2.2 Clocking 
Scheme/lnstruction 
Cycle 


The clock input (from pin OSC 1) is internally divided by 
four to generate four non overlapping quadrature clocks 
namely 01, 02, 03 and 04. 
Internally, PC is incre- 


mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. It is 
decoded and executed during the following 01 through 
04. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 


2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 32 ad- 
dressable 8-bit registers including the I/O Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable 
(Figure 2.3.1). Data can be 


addressed direct, or indirect using the file select register 
(f4). Immediate data addressing is supported by special 
'literal' 
instructions 
which 
load data from 
program 


memory into the W register. 


The register file is divided into two functional groups: 
operational 
registers and general purpose registers. 


The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the I/O port configuration, and the prescaler options. 


:} 
IntomaJ 
, 
PIlaso 
, 
Clo<:i<s 
, 


Q4 
~~ 
~,-----'i. 
~,-----'i.~ 
~'----; 


~ I 
~ 
PC.,. 


(Program COunter) 
I 
I 
------ 
OSC2/CLKOUT 
(ReModel 


2.4 ArithmeticlLogic 
Unit (ALU) 


The 8-bit wide ALU contains one temporary working 
register (W Register). 
It performs arithmetic and Bool- 
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


512 words of 12-bit wide on-ehip read only program 
memory (ROM) can be directly addressed. Sequencing 
of instructions is controlled via the Program Counter 
(PC) which automatically increments to execute in-line 
programs. Program control operations, supporting di- 
rect, indirect, relative addressing modes, can be per- 
formed by Bit Test and Skip instructions, Call instruc- 
tions, Jump instructions or by loading computed ad- 
dresses into the PC. In addition, an on-ehip two-level 
stack is employed to provide easy to use subroutine 
nesting. 


A wide variety of oscillator types, frequency ranges, and 
packaging options are available. Depending on applica- 
tion and production 
requirements 
the proper device 
option can be selected using the information and tables 
in this section. When placing orders, please refer to the 
part numbering system on the back page of this docu- 
ment. 


To facilitate development and initial production phases, 
Microchip offers UV erasable 
EPROM version, One 
Time Programmable 
(OTP) version as well as Quick- 
Turnaround-Production 
(QTP) devices as described in 
the following sections. For more details on these, please 
refer to 'PIC16C5X 
data-sheet' 
(Literature 
number 
DS3OO15)or contact your nearest sales office. 


3.1 UV Erasable Device for Program 
Development 


Microchip offers PIC16C54, the EPROM based version 
of the PIC16CR54 
for program development. 
This 
device is optimal for prototype development and pilot 
series. The desired oscillator configuration is EPROM 
programmable as 'RC', 'XT', 'HS' or 'LP'. 
An erased 
device is configured as 'RC' type by default. The user 
should refer to the PIC16C5X data sheetforfull electrical 
specification of these parts. 


3.2 One-Time-Programmable 
(OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices are ideal for initial production runs. 
OTP devices have the oscillator type pre-eonfigured by 
the factory. 


3.3 Quick-Turnaround-Production 
(QTP) 
Devices 


Microchip offers a QTP Programming Service forfactory 
production orders. QTP devices are also ideal for initial 
production. This service is made available for users who 
chose not to program a medium to high quantity of units 
and whose code patterns have stabilized. The devices 
are identical to the OTP devices but with all EPROM 
locations and fuse options already programmed by the 
factory. Certain code and prototype verification proce- 
dures do apply before production shipments are avail- 
able. Please contact your Microchip Technology sales 
office for more details. 


ParU 
ROM 
RAM· 
VO 
Supply 
Frequency 
Package 
Voltage 
Range" 
Options 


PIC16CR54RC 
512 x 12 
32x8 
12 
2.5 - 6.25 V 
DC -4 MHz 
18L PDIP, 18L SOIC (300 mil), 
20LSSOP 
PIC16CR54XT 
512 x 12 
32x8 
12 
2.5 - 6.25 V 
0.1 -4 MHz 
18L PDIP, 18L SOIC (300 mil), 
20LSSOP 
PIC16CR54HS 
512 x 12 
32x8 
12 
4.5 - 5.5 V 
4 - 20 MHz 
18L PDIP, 18L SOIC (300 mil), 
20LSSOP 
PIC16CR54LP 
512 x 12 
32x8 
12 
2.0 -6.25 V 
DC -200 KHz 
18L PDIP, 18L SOIC (300 mil), 
20LSSOP 


• 
Including special function registers. 
All devices operate down to DC when external clock is applied. 


• 


FILE 
ADDRESS 
7 
6 
5 
4 
3 
2 
1 
0 


00 
INDIRECT ADDR. (") 


01 
RTCC 
CALL 
8 
7 
6 
5 
4 
3 
2 
1 
0 
8 
7 
6 
5 
4 
3 
2 
1 
0 


RETLW 
1-1 
I 
02 
A8 
PC 
STACK 1 
STACK 2 


03 
STATUS 


04 
FSR 
7 
6 
5 
4 
321 
0 
05 
PORTA 
5 
432 
1 0 
06 
PORTB 
OPTION 
07 


08 


09 
GENERAL 
TOANO FROM 


OA 
REGISTER FILE 
PURPOSE 
VIAALU 
OB 
W 
REGISTER 
DC 
LFROM PROGRAM MEMORY 


FILE 
00 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 
GENERAL 
17 
PURPOSE 
REGISTER 
18 
FILE 


19 


1A 


1B 


lC 


10 


1E 


1F 


(") 
NOT A PHYSICALLY IMPLEMENTED REGISTER. 
SEE SECTION 'OPERATIONAL REGISTER FILES" FOR DETAILS 


4.0 OPERATIONAL 
REGISTER 
FILES 


4.1 Indirect Data Addressing 
C1NDF) 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the result in W. 


If INDF itself is read through indirect addressing (Le. 
FSR = Oh), then OOhis read. 
If INDF is written to via 


indirect addressing, the result will be a Nap. 


4.2 Real Time Clock/Counter 
Register 
~ 


This register can be loaded and read by the program as 
any other register. 
In addition, 
its contents 
can be 


incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT =foscl4). 
Figure 4.2.1 is a simplified block 


diagram of RTCC. 


An a-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped 
in data memory) 
addressable 


using the 'OPTION' instruction. 
See Section 7.4 for 


details. 
If the presealer 
is assigned 
to the RTCC, 
instructions 
writing to RTCC (e.g. CLRF RTCC, or 


BSF RTCC,5, ...etc.) clear the prescaler. 


The bit 'RTS' 
(RTCC signal Source) in the OPTION 


register determines, if RTCC is incremented internally or 
externally. 


RTS=1: The clock source for the RTCC or the pres- 


caler, if assigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines, if an increment occurs on the falling 
(RTE= 1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 


RTS=O: The RTCC register or its prescaler, 
respec- 


tively, will be incremented 
with the internal 


instruction clock (= FoscI4).The 'RTE' bit in the 
OPTION register and the RTCC pin are 'don't 
care' in this case. The RTCC pin must not be 
left floating (tie to either Voo or Vss). This 
prevents unintended entering of test modes 
and to reduce the current consumption in low 
power applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), 
RTCC 


keeps incrementing and just rolls over when the value 
'FFh' 
is reached. All increment pulses for RTCC are 


delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as- 
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read- 
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction 
is recommended. 
Timing 
diagrams 
in 


Figure 4.2.2 show RTCC read, write and increment 
timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When external clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also, there is some delay from the occurance 
of the 


external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.2.1, the synchronization 
is done 


after the presealer. 
The output of the prescaler 
is 


sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tose and low for at least 2 tose 
where tosc = oseillator time period. 


RTCC 


PIN 


~ 


SYNC WITH 


INTERNAL 


CLOCKS 


(2 CYCLE DELAY) 


PS2,PS1,PSO 
PSA 


Notes: 
1. Bits, RTE, RTS, PS2, PS1, PSOare located in option register. 
2. The presealer is shared with Watchdog Timer (see Figure 9.0.1). 


•• 


When no prescaler is used, PSOUT (Prescaler output, 
see Figure 4.2.2.1) isthe same as RTCC clock input and 
therefore the requirements are: 


TRTH= 
RTCC high time ~ 2tosc + 20 ns 
TRTL= 
RTCC low time ~ 2tose + 20 ns 


When prescaleris used. the RTCC input isdivided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 
Then: 
PSOUThigh time = PSOUTlow time = N •JRT 
where TRT= RTCC input period and N = preseale value 
(2, 4, ...., 256). The requirement is, therefore N • TRT 
~ 2 tose + 20 ns, or TRT~ 4 lose+ 40 ns . 
2 
N 


The user will notice that no requirement on RTCC high 
time or low time is specified. 
However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. 
In summary, the RTCC input requirements 
are: 


TRT 
RTCC period ~ (4 tose + 40 ns)/N 
TRTH 
RTCC high time ~ 10ns 
TRTL 
RTCC low time ~ 10ns 


Since the prescaler output is synchronized 
with the 


internal clocks, there is a small delay from the time the 
external clock edge occurs to the time the RTCC is 
actually incremented. 
Referring to Figure 4.2.2.1, the 


reader can see that this delay is between 3 tose and 7 
tose. 
Thus, for example, measuring the interval be- 


tween two edges (e.g. period) will be accurate within ±4 
tose (±500ns @ 8 MHz). 


4.3 Program Counter (PC) 


The program counter generates the addresses for on- 
chip ROM containing the program instruction words 
(Figure 4.3.1). 


The program counter is set to all "1"s upon a RESET 
condition. 
During 
program 
execution 
it is auto 


incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) 
"GOTO" instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0». 


b) 
"CALL" instructions load the lower 8-bit of the PC 
directly while the ninth bit is cleared to "0". The PC 
value, incremented by one, will be pushed into the 
stack. 


c) 
"RETLW" instructions 
load the program counter 


with the top of stack contents. 


R:: 
(PROGRAM 
COUNTER) 


'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~I~I~IOOI~I 
I 
I 
I 
I 
I 
I 
I 
I 


PC1 
~ 
R:; 
~ 
PC., 
~ 
PC.? 
«PC+3 
PC... 
PC+S. 
PC+6 


INST:: 
I 
MOVF RTCC, W 
I 
MOVF 
RTCC, W 
: MCNF RTCC, W 
MOVF 
RTCC, W 
: 
MOVF 
RTCC, W 
: 


I 
MOWiF 
RTCC 
I' 
I 


AI" 
AT+, I 
AT.? I 
NRT 
NRT 
NRT.t 
NRT +2 
NRT +3 C 
t 
t 
t 
t 
t 
WriteRTCC 
Read RTCC 
Read RTCC 
ReadRTCC 
ReadRTCC 
ReadRTCC 
exeo.rtad 
, 
reads NRT 
, 
reads NRT 
reads NRT + 1 
I88ds NRT + 2 
reads NAT +3 


R:: 
(PROGRAM 
COUNTER) 
, 


'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~'~I~IOOI~' 
I' 
I' 
I 
, 
I 
I 


PC1 
R:; 
PC. 
1 
~ 
PC.? 
~ 
PC+3 
I 
PC... 
I 
PC+S 
I 
PC+6 


MOWiF 
RTCC 
MOVF RTCC, W 
I 
MOVF RTCC, W 
I 
MOVF RTCC. W: 
MOVF RTCC. W 
, 
MOVF RTCC. W 
: 


NAT., 
t 


d) 
If PC is the destination 
in any instruction 
(e.g. 
MOVWF PC, ADDWF PC, or BSF PC,5) then the 
computed 8·bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will be 
cleared. 


It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls 
or computed jumps are limited to the first 256 locations 
of the program memory page (512 words long). 


4.4 
STACK 


The PIC16CR54 has a two-level (9-bit wide) hardware 
push/pop stack (Figure 4.3.1). 


CALL 
instructions push the current program counter 


value, incremented by '1', into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent 'CALL's are executed, only the most recent 
two return addresses are stored. 


RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent 'RETLW's are 
executed, the stack will be filled with the address previ- 
ously stored in level 2. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen- 
tation of 'data' tables within the program memory. 


EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) 
I 


:rnl~lml~:rnl~I~I~:rnl~lml~:rnl~lml~: 


Small pulse 
I 


misses sam 
ling 


INCREMENT 
RTCC (04) 
, 


RTCC 


Notes: 


1. 
Delay from clock input change to RTCC increment is 3 tose to 7 tose. 
(Duration of a = tosc). 


Therefore, the error in measuring 
the interval between two edges on RTCC input = ± 4 tose max. 


2. 
Extemal clock if no prescaler selected, Presealer output otherwise. 
3. 
The arrows indicate the points in time where sampling occurs. 


-(GOTO 
•......................•...........................•..........• 
DIRECT 
FROM 
INSTRUCTION 
WORD 
CALL, 
INSTWITH 
PC AS DESTINATION 
ALWAYS 
"0" 


-(GOTO. 
CALL 
DIRECT 
FROM 
INSTRUCTION 
WORD 
INST WITH 
PC AS DESTINATION 
....•.... 
FROM ALU 


PC 
STACK 
LEVEL 
1 
9 BIT 
STACK 
LEVEL 
2 


000 


OFF 
PAGE 0 
100 


1FF 


• 


4.5 Status Word Register 


This register contains the arithmetic status of the ALU, 
and the RESET status. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 
set after the following write. 
Furthermore, TO and PO 
bits are not writable. Therefore, the result of an instruc- 
tion with STATUS register as destination may be differ- 
ent than intended. 
For example, CLRF STATUS will 


clear all bits except for TO and PO and then set the Z bit 
and leave the STATUS register as OOOXX100 (where X 
= unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions 
are used to alter the STATUS 


registers because these instructions do not affect any 
status bit. 


For other instructions affecting status bits, see Section 
'Instruction Set Summary: 


RESET CONDfTION: 
PA2,PA1, PAO cleared to '0'. 
TO, PD are set or reset as shown in Table 4.5.1.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRY 
BIT: 
For ADDWF and SUBWF instructions, 
this M is set if there is 


a carry out from the most significant bit of the resunant. 
Note 
that 
a subtraction 
is executed 
by adding 
the 
two's 


complement 
of the second operand. 
For rotate (RRF, RLF) 


instructions, 
this 
bit is loaded 
with 
either 
the 
high 
or low 


order bit of the source register. 


DIGIT CARRY 
BIT: 


For ADDWF and SUBWF instructions, 
this bit is set if there is 


a carry out from the 4th low order bit of the resultant. 


ZERO 
BIT: 


Set if the result of an arithmetic or logic operation is zero. 
Reset otherwise. 


POWER DOWN 
BIT: 
Set to '1" during power up or by a CLRWDT 
command. 
This 


bit is reset to "0" by a SLEEP instruction. 


TIME-OUT 
BIT: 


Set to "1" during power up and by the CLRWDT 
and SLEEP 


command. 
This bit is reset to "0" by a watchdog 
timer time 


out. 


4.5.1 TIME OUT ANO POWER OOWN STATUS 
BITS (TO. PO) 


The TO and PO bits in the STATUS register can be 
tested to determine 
if a RESET condition has been 


caused by a Watchdog 
Timer time-out, 
a power-up 


condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 


These status bits are only affected by events listed in 
Table 4.5.1.1. 


TABLE 4.5.1.1 - EVENTS AFFECTING 
porro STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 


WOTTimeout 
0 
X 
Noeffecton PO 
SLEEPinstruction 
1 
0 


CLRWOTinstruction 
1 
1 


Note: 
A WOT timeout will occur regardless of the 
status olthe TO bit. A SLEEP instruction will be 
executed, regardless of the status of the PO bit. 
Table 4.5.1.2 reflects the status of PO and TO 
after the corresponding event. 


TABLE 4.5.1.2· porro STATUS AFTER 
RESET 


TO 
PO 
RESET was caused by 


0 
0 
WDTwake-upfrom SLEEP 
0 
1 
WDTtime-out (not during SLEEP) 


1 
0 
MCLRwake-upfrom SLEEP 
1 
1 
Power-up 


X 
X 
= Low pulseon MCLRinput 


Note: 
The PO and TO bit maintain their status (X) 
until an event of Table 4.5.1.1 occurs. A low- 
pulse on the MCLR input does not change the 
PO and TO status bits. 


4.6 
File Select Register (FSR) 


Bits 0-4 select one of the 32 available file registers inthe 
indirect addressing mode (that is, calling for file INOF in 
any of the file oriented instructions). 


Bits 5-7 of the FSR are read-only and are always read as 
'one's. 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


• 


The 1/0 registers can be written and read under program 
control like any other register of the register file. How- 
ever, "read" instructions (e.g. MOVF PORTB,W) always 
read the 1/0 pins, regardless if a pin is defined as "input" 
or "output." Upon a RESET condition, all 1/0 ports are 
defined as "input" (= high impedance mode) as the 1/0 
control registers (TRISA, TRISB) are all set to "ones." 


The execution of a "TRIS f" instruction with correspond- 
ing "zeros" in the W-register is necessary to define any 
of the 1/0 pins as output. 


4-bit 1/0 register. low order 4-bits only are used (RAO - 
RA3). Bits 4 - 7 are unimplemented and read as "zeros." 


8-bit 1/0 register. 


5.3 va Interfacing 


The equivalent circuit for an VO port bit is shown in 
Figure 5.3.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond- 
ing direction control bit (in TRISA, TRISB) must be set to 
zero. 
For use as an input, the corresponding TRIS bit 
must be "one". Any 1/0 pin can be programmed individu- 
ally as input or output. 


FIGURE 5.3.1 - EQUIVALENT CIRCUIT 
FOR A SINGLE VO PIN 


FROM 
DATA 
BUS 


VO 
CONTROL 
LATCH 


5.4 va Programming 
Considerations 


5.4.1 BIDIRECTIONAL 1/0 PORTS 


Some instructions operate intemally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional 1/0 pin (say bit 0) and it is defined 
as an input atthis time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a "0" or "1" should not be driven 
from extemal 
devices at the same time in order to 


change the level on this pin ("wired-or", "Wired-and"). 
The resulting high output currents may damage the chip. 


5.4.2 SUCCESSIVE 
OPERATIONS ON va PORTS 


The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5.5.2.1). 
Therefore, care must be exercised if a write 


followed by a read operation is carried out on the same 
1/0 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions 
with a NOP or an other instruction not 


accessing this 1/0 port. 


PC+2 


NOP 
This example shows write 
to PORTB followed by a 
read from PORTB. 
Note 


that the data setup time = 
(0.25 TCY • TPD) where 
TCY = instruction 
cycle 


Therefore, at higher clock 
frequencies, write followed 
by 
a 
read 
may 
be 


problematic. 


~ 
~ 
~ 
PC+1 
~ 
Instruction 
MOVWF PORTB ,MOVF PORTB, W , 
fetched , 
Write to PORTB' 
ReadPORTB 
, 
, 
RB(7:0) '~ 
~~ 
, 


: 
~ TportPin 
: 
, ' 
, 
I 
I 
sampled here I 
-- ~ 
'TPO 
, 
Execute 
' 
Execute 
, MOVWF PORTB 'MOVF PORTB,W ' 


~o GENERAL PURPOSE 
REGISTERS 


7.1 W 
Working Register 


Holds second operand in two operand instructions and! 
or supports the internal data transfer. 


7.2 IBlSA 
VO Control Register For 
PORTA 


Only bits 0 • 3 are available. The 1/0 PORTA is only 
4-bits wide. 


PRESCALER 
VALUE 
RTCCRATE 
WDTRATE 


0 
1 : 2 
1: 
1 
1 
1: 4 
1 :2 
0 
1 : 8 
1: 4 
1 
1 : 16 
1 :8 
0 
1 : 32 
1 : 16 
1 
1 : 64 
1 : 32 


0 
1 : 128 
1 : 64 


1 
1 : 256 
1 : 128 


PC+3 


NOP 


7.3 TRISS 
va Control Register For 
PORTS 


The 1/0 control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 
A '1' in the 1/0 control register puts the corresponding 
1/0 pin into a high impedance mode. A '0' 
puts the 


contents of file register PORTA or PORTB, respectively, 
out on the selected 1/0 pins. 


These registers are 'write-only' 
and are set to all 'ones' 


upon a RESET condition. 


7.4 OPTION 
PrescalerlRTCC Option 
Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value. signal source and signal edge forthe RTCC. 
The OPTION register is 'write-only' 
and is 6-bits wide. 


By executing the 'OPTION' 
instruction, the contents of 


the 'W' register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
'ones.' 


PRESCALER 
ASSIGNMENT 
BIT: 


0 ...• RTCC 


1 .... WDT 


RTCC 
SIGNAL 
EDGE: 


0 
INCREMENT 
ON LOW-TO-HIGH 
TRANSITION 
ON RTCC 
PIN 


1 
INCREMENT 
ON HIGH-TQ-LOW 
TRANSITION 
ON RTCC 
PIN 


RTCC 
SIGNAL 
SOURCE: 
o 
INTERNAL 
INSTRUCTION 
CYCLE 
CLOCK 
(CLKOUl] 
1 
TRANSITION 
ON RTCC 
PIN 


• 


PIC16CR54 


8.0 RESET CONDITION 


A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input 'Iow', orby 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the Oscillator Start-up Timer (OST) is 
active or the MCLR input is 'low.' 


The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of power on reset with MCLR tied to Voo the OST 
starts from power-up. 
In case of a WDT timeout, it will 


start at the end of the time-out (since MCLR is high). In 
case of MCLR reset, the OSTwili start when MCLR goes 
high. The nominal OST time-out period is 18ms. See 
Section 13.0 for detailed information on OST and Power- 
On Reset. 


During a RESET condition the state of the PIC16CR54 
is defined as: 


• 
The oscillator is running, or will be started (power- 
up or wake-up from SLEEP). 
• 
All I/O port pins (RAO - RA3, RBO- RB7) are put into 
the high-impedance state by setting the 'TRIS' 
reg- 
isters to all 'ones' (= input mode). 


• 
The Program Counter is set to all 'ones' (1FFh). 


• 
The OPTION register is set to all 'ones'. 


• 
The Watchdog Timer and its prescaler are cleared. 
• 
The upper-three bits (page select bits) in the STATUS 
Register are cleared to 'zero.' 


• 
'RC' 
devices only: The 'CLKOUT' 
signal on the 
OSC2 pin is held at a'low' 
level. 


9.0 
PRESCALER 


An 8-bit counter is available as a prescaler for the RTCC, 
or as a post-scaler for the Watchdog Ttimer, respectively 
(Figure 9.0.1). 
For simplicity, 
this counter is being 
referred to as 'prescaler' 
throughout this data sheet. 


Note that there is only one prescaler available which is 
mutually exclusively shared between the RTCC and the 
watchdog timer. ThUS, a prescaler assignment for the 
RTCC meansthatthere 
is no prescalerforthe Watchdog 
Timer, and vice-versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 


When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC, x ....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 


9.1 Switching Prescaler Assignment 


CHANGING PRESCALER FROM RTCC TO WDT 


The prescaler assignment is fully under software con- 
trol, I.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WDT: 


1. MOVLW 
B'xxOXOxxx' 


2. OPTION 


; Select internal 
clock and select new 


; prescaler 
value. 
If new prescale 
value 


; is = '000' 
or '001', 
then select any other 


; prescale 
value temporarily. 


; Clear RTCC and ~ 


; Select WOT, do not change 
prescale 


; value. 


3. CLRF 1 


4. MOVLW 
B'xxxxl 
xxx' 


5.OPTION 


6. CLRWOT 
r7. MOVLW 
B'xxxxlxxx' 
La. OPTION 


; Clears WOT and ~ 


; Select new prescale 
value. 


Steps 1 and 2 are only required if an extemal RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is 'OOO'or'001 '. 


CHANGING PRESCALER FROM WDT TO RTCC 


To change prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWOT 


2. MOVLW 


; Clear WOT and ~ 


B'xxxxOxxx' 
; Select RTCC, new prescale 
value 


; and clock source 


CLKOUT 
(=Foscl4) 


a 


~ 
r 
"u 
SYNC 
x 
" 
RTCC 
u 
2 


PIN 
RTE 
x 
CYCLES 
a 


RTS 


PSA 


WATCH 
DOG 
TIMER 


10.0 BASIC INSTRUCTION 
SET 
SUMMARY 


Each PIC16CR54 instruction 
is a 12-bil word divided 
into an OPCODE which specifies the instruction type 
and one or more operands which further specify the 
operation of the instruction. The PIC16CR54 instruction 
set summary in Table 10.0.1 lists byte-oriented, 
bit- 
oriented, and literal and control operations. 


For byte-oriented instructions, 'f' represents a file regis- 
ter designator and 'd' represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 PIC16CR54 file registers is to be utilized by the 
instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 'b' 
represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an 8- or 
9-bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test istrue or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 


Note: 
RTE, RTS, PSA, PSo-PS2 
are bits in the OPTION register. 


instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 ILsec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2lLsec. 


NQtes tQ Table 
10.0.1 


Note 1: The 9th bit of the program counter will be forced 
to a 'zero' by any instruction that writes to the 
PC except for GOTO (e.g. CALL, MOVWF PC 
etc.). See Section 4.3 for details. 
Note 2: When an 1/0 register is modified as a function of 
itself ( e.g. MOVF PORTB,1 ), the value used 
will be that value present on the pins them- 
selves. For example, if the data latch is '1' for 
a pin configured as input, and it is driven low by 
an extemal device, the data latch will be written 
back with a '0'. 
Note 3: The instruction 'TRIS f' ,where f = 5 or 6 causes 
the contents olthe W register to be written to the 
tristate latches of the specified file (port). A 
'one' forces the pin to a high impedance state 
and disables the output buffers. 


Note 4: 
If this instruction is executed on file register 
RTCC (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 
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(11-6) 
(5) 
(4 - 0) 


BYTE-QRIENTED FILE REGISTER OPERATIONS 
I 
apcaDE 
I~I 
I(FllE#) 
I 


d = 0 lor destination 
W 


d = 1 lor destination 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


0001 
11df 
ffff 
lCf 
Add Wand I 
AOOWF 
I, d 
W+I--+d 
C,DC,Z 
1,2,4 


0001 
Oldf 
ffff 
l4f 
AND Wand I 
ANOWF 
f, d 
W&I--+d 
Z 
2,4 


0000 
011f 
ffff 
06f 
Clear I 
ClRF 
I 
0--+1 
Z 
4 


0000 
0100 
0000 
040 
ClearW 
ClRW 
- 
O--+W 
Z 


0010 
Oldf 
ffff 
24f 
Complement I 
COMF 
I, d 
j --+ d 
Z 
2,4 


0000 
11df 
ffff 
OCf 
Decrement I 
OECF 
I, d 
1-1--+d 
Z 
2,4 


0010 
11df 
ffff 
2Cf 
Decrement I,Skip il Zero 
OECFSZ 
f, d 
f - 1 --+ d, skip il zero 
None 
2,4 


0010 
10df 
ffff 
2Bf 
Increment I 
INCF 
I, d 
1+1--+d 
Z 
2,4 


0011 
11df 
ffff 
3Cf 
Increment I,Skip il zero 
INCFSZ 
I, d 
1+ 1 --+ d, skip il zero 
None 
2,4 


0001 
OOdf 
ffff 
10f 
Inclusive OR Wand I 
IORWF 
I, d 
Wvl--+d 
Z 
2,4 


0010 
OOdf 
ffff 
20f 
Move I 
MOVF 
I, d 
I--+d 
Z 
2,4 


0000 
OOlf 
ffff 
02f 
Move Wtol 
MOVWF 
I 
W --+ I 
None 
1,4 


0000 
0000 
0000 
000 
No Operation 
NOP 
- 
- 
None 


0011 
Oldf 
ffff 
34f 
Rotate left I 
RlF 
I, d 
I(n) --+ d(n+ 1), G --+ d(O), 1(7) --+ G 
C 
2,4 
0011 
OOdf 
ffff 
30f 
Rotate right I 
RRF 
I, d 
I(n) --+ d(n-1), C --+ d(7), 1(0) --+ G 
C 
2,4 


0000 
10df 
ffff 
OBf 
Subtract W Irom I 
SUBWF 
I, d 
I - W --+ d [I + W + 1 --+ d] 
G,DG,Z 
1,2,4 


0011 
10df 
ffff 
3Bf 
Swap halves I 
SWAPF 
I, d 
1(0-3) H 1(4-7) --+ d 
None 
2,4 


0001 
10df 
ffff 
lBf 
Exclusive OR Wand I 
XORWF 
I, d 
Wffil--+d 
Z 
2,4 


(11-8) 
(7-5) 
(4 - 0) 


BIT-QRIENTED FILE REGISTER OPERATIONS 
I 
apcaDE 
I b(BIT#) 
I 
I(FllE#) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


0100 
bbbf 
ffff 
4bf 
Bit Clear I 
BCF 
I, b 
0--+ I(b) 
None 
2,4 


0101 
bbbf 
ffff 
5bf 
Bit Set I 
BSF 
f, b 
1 --+ I(b) 
None 
2,4 


0110 
bbbf 
ffff 
6bf 
Bit Test I,Skip il Clear 
BTFSC 
I, b 
Test bit (b) in Iile (I): Skip il clear 
None 
0111 bbbf 
ffff 
7bf 
Bit Test I, Skip il Set 
BTFSS 
f, b 
Test bit (b) in lile (I): Skip il set 
None 


(11-8) 
(7 - 0) 


LITERAL AND CONTROL OPERATIONS 
I 
apcaDE 
I 
k (LITERAL) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


1110 
kkkk 
kkkk 
Ekk 
AND literal 
and W 
ANDlW 
k 
k & W--+ W 
Z 


1001 
kkkk 
kkkk 
9kk 
Call subroutine 
CALL 
k 
PG + 1 --+ Stack, k --+ PC 
None 
1 


0000 
0000 
0100 
004 
Clear Watchdog timer 
ClRWDT - 
0--+ WDT (and prescaler, il assigned) 
TO,PD 
101k 
kkkk 
kkkk 
Akk 
Go To address (k is 9 bit) 
GOTO 
k 
k --+ PG (9 bits) 
None 
1101 
kkkk 
kkkk 
Dkk 
Incl. OR literal 
and W 
IORLW 
k 
kvW--+W 
Z 


1100 
kkkk 
kkkk 
Ckk 
Move literal 
to W 
MOVLW 
k 
k--+W 
None 


0000 
0000 
0010 
002 
load OPTION register 
OPTION - 
W --+ OPTION register 
None 


1000 
kkkk 
kkkk 
Bkk 
Return,place literal 
in W 
RETlW 
k 
k --+ W, Stack --+ PC 
None 


0000 
0000 
0011 
003 
Go into standby mode 
SLEEP 
- 
0--+ WDT, stop oscillator 
TO,PD 


0000 
0000 
Offf 
Oaf 
Tristate port I 
TRIS 
f 
W--+ 1/0 control register I 
None 
3 
1111 
kkkk 
kkkk 
Fkk 
Excl. OR literal 
and W 
XORlW 
k 
kffiW--+W 
Z 


The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/0SC2 
pins of the device has 


been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. 
The WDT can be permanently disabled by 


specifying the WDT mask option. 


11.1 WDT Period 


The WDT has a nominal time-out period of 18ms (with no 
prescaler). The time-out period varies with temperature, 
Voo and process variations from part to part (see DC 
specs). 
If longer time-out periQds are desired, a pres- 


caler with a division ratio of up to 1:128 can be assigned 
to the WDT under software control by writing to the 
OPTION register. Thus, timeout periods up to 2.5 sec- 
onds can be realized. 


The "CLRWDT" 
and "SLEEP" instructions 
clear the 


WDT and the prescaler count, if assigned to the WDT, 
and prevent it from timing out and generating a device 
RESET condition. 


The status bit, TO, in the STATUS 
register, will be 


cleared upon a Watchdog Timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unilto unit 
due to variations in the manufacturing process. Please 
refer to graphs in Section 18.0 and DC specs for more 
details. 


11.2 WDT Programming Considerations: 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.1 Oscillator Types 


The PIC16CR54 series is available with four different 
oscillator options. Two bits in the configuration 
word 


select one of these four modes. The customer specifies 
the desired oscillator type along with the ROM pattern. 
The parts are tested for the specific oscillator type. 


12.2 Crystal Oscillator 


The PIC16CR54-XT, 
-HS, or LP needs a crystal or 


ceramic resonator connected to the OSC1 and OSC2 
pins to establish oscillation (Figure 12.2.1). Note that the 
series resistor RS is only required for the "HS" oscillator. 


12.3 RC Oscillator 


For timing insensitive applications the "RC" oscillator 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values, and the operation 


temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 


capacitance between package types will also affect the 
oscillation frequency, 
especially for low Cext values. 


The user also needs to take into account variation to due 
tolerance of external Rand C components used. Figure 
12.3.1 shows how the RlC combination is connected to 
the PIC16CR54. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. 
For very high Rext values (e.g. 1 MOhm), the 


oscillator 
becomes 
sensitive 
to noise, humidity and 


leakage. Thus, we recommend to keep Rext between 5 
kOhm and 100 kOhm. 


Although 
the oscillator will operate with no external 


capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, 
the oscillation frequency 


can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See the tables in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. 
The 


variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See graphs and tables in Section 18.0 for variation of 
oscillator 
frequency 
due to Voo for given RextlCext 


values as well as frequency variation due to operating 
temperature for given R, C and Voo values. 


The oscillator frequency, divided by 4, is available on the 
OSC2ICLKOUT pin, and can be used for test purposes 
or to synchronize 
other 
logic (see Figure 2.2.1 for 


timing). 
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(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 
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Rs is recommended for ·HS· devices(1()(){l < Rs < 1Kill. 
RS 
may also be needed in XT mode for AT strip-out crystals to 
avoid 
overdriving. 
See 
Tables 
12.2.1 
and 
12.2.2 
fOI 
recommendedvalues of C1, C2 and RS. 


TABLE 12.2.1 - CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 
Type 
frequencyf 


XT 
455 KHz 
150 - 330 pF 
2.0 MHz 
20 - 330 pF 
4.0 MHz 
2n - ~~n nF 
HS 
8.0 MHz 
20 -200 pF 
20 MHz 
0- 20 pF 


Higher capacitance increases stability of oscillation but 
also increases start-up time. 


TABLE 12.2.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 


Osc 
Freq 
C1 
C2 
Type 


LP 
32 KHz 
15 pF 
15 pF 
100 KHz 
15 pF 
15 pF 
200KHz 
0- 15 of 
0- 15 of 
200 KHz 
15-50pF 
15-50pF 
XT 
100 KHz 
15-30pF 
200 - 300 pF 
200 KHz 
15-30pF 
100 - 200 pF 
455 KHz 
15 -30 pF 
15-1oopF 
1 MHz 
15-30pF 
15-30pF 
2MHz 
15 of 
150F 
4 MHz 
15 pF 
15 pF 
HS 
4 MHz 
15 pF 
15 pF 
8MHz 
15 pF 
15 pF 
20 MHz 
15 pF 
15 pF 


Higher capacitance increases stability of oscillator but 
also increases start-up time. These values are for design 
guidance only. RS may be required in HS mode as well 
as XT mode to avoid overdriving crystals with low drive 
level specification. 
Since each crystal has its own 
characteristics, the user should consult the crystal manu- 
facturer for appropriate values of external components. 


OPERATION (HS, XT, or 
LP TYPES ONLY) 


FIGURE 12.3.1 - RC OSCILLATOR (RC 
TYPE ONLY) 


CextI 
Vss -= 
PIC16CR54RC 


OSC2ICLKOUT 
Foscl4 


FIGURE 13.1.1 - EXTERNAL POWER 
ON RESET CIRCUIT 


01 
R 


R1 


- 
C 
I 


Notes: 


1. 
Extemal power on reset circuit is required only if Voo 
power-up 
slope 
is too slow or if a low frequency 


crystal 
oscillator 
is being 
used 
that 
need 
a long 


start-up 
time. 
The 
diode 
0 
helps 
discharge 
the 


capacitor quickly when Voo powers down. 


2. 
R < 40 KO must 
be observed 
to make sure that 


voltage drop across R does not exceed 0.2 V (max 
leakage 
current 
spec 
on MCLR 
pin is 5 IlA). 
A 


larger than 0.2 V drop across 
R may cause a VIH 


level violation on MCLR pin. 


3. 
R1= 1000 
to 1KQ will limit any current flowing 
into 
MCLR 
from 
extemal 
capacitor 
C in the 
event 
of 


MCLR pin breakdown due to ESO or EOS. 


FIGURE 13.1.2 - BROWN OUT PROTECTION 
CIRCUIT 


Vro 
33K 


Notes: 
1. This circuit will activate reset when voo goes 
below(Vz+ 0.7 V) whereVZ= Zenervoltage. 


FIGURE 13.1.3 -BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1.This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when voo is 
belowa certainlevelsuchthat: 


voo. _R_1_ 
= 0.7 V. 
R1 +R2 


13.0 
OSCILLATOR 
START-UP TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 
18ms after the voltage on the fiifC[R 
pin has reached a logic high (VIHMC) 
level. Thus, 
external RC networks connected to the fiifC[R input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications . 


The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16CR54 from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC16CR54 
incorporates 
an on-chip 
Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. 
To use this feature, the 
user merely needs to tie fiifC[R pin to Voo. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.1.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up, the reset latch is set and the start-up timer 
(see Figure 13.1.4) are reset. The start-up timer begins 
counting once it detects fiifC[R to be high. 
After the 
timeout period, which is typically 18ms, it will reset the 
reset-latch and thus end the on-Chip reset signal. 


Figures 13.1.5 and 13.1.6 show two power-up situations 
with relatively fast rise time on Voo. 
In Figure 13.1.5, 
Voo is allowed to rise and stabilize before bringing 
fiifC[R high. 
The chip will actually come out of reset 
tOST ms after fiifC[R goes high. In Figure 13.1.6, the on 
chip Power-On Reset feature is being utilized (fiifC[R 
and Voo are tied together). The Voo is stable before the 
startup timer times out and there is no problem in getting 
a proper reset. 
Figure 
13.1.7 depicts a potentially 
problematic situation where Voo rises too slowly. In this 
situation, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip is therefore not 
guaranteed to function correctly. 


To summarize, the on-chip power-on reset is guaran- 
teed to work if the rate of rise of Voo is no slower than 
0.05 V/ms. It is also necessary that the Voo starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start-up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 


• 


PIC16CR54 


POWER-UP 
DETECT 


MCLR 


PIN 


ON-CHIP 
RCOse 
8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 


-~Y 
, 
ljnOle1 


! 
l 


MCLR 


INTERNAL 
POR 
~h 


, 
1"__ 
I_OS_T 
__l- 
_______ 
n~_~1 


VDO_~y 


MCLR -~y~------- 


INTERNAL 
POR ------h_: ----------------------- 


~IOST-I---------------- 


_o_V 
~ 
--~----- 
----n 
! 
l---t05T--! 
: 
I 


_____ 
1 


When \1:)0 rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example,the chip will resetproperlyif, and only ij, Vl~ 
VOOMIN. 


The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit POinthe STATUS register is cleared, the 
TO bit is set and the oscillator driver is turned off. The 
1/0 ports maintain the status they had, before the SLEEP 
command 
was 
executed 
(driving 
high, 
low or hi- 


impedence). 


For lowest current consumption in this mode, all 1/0 pins 
should be either at Voo, orVSS, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC pin should also be at Voo or Vss for lowest current 
consumption. 


The fiilC[R pin must be at VIHMC. 


14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an externally applied 'low' 
pulseatthe 
fiilC[Rpin.ln 
both cases the PIC16CR54will 
stay in RESET mode for one Oscillator Start-up Timer 
period (triggered from rising edge on fiilC[R or WDT 
timeout) before normal program execution resumes. 


The PO bit in the STATUS register, which is set to one 
during power-on, but cleared by the 'SLEEP' command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 
4.5.1.2). 
The TO bit in the Status register can be used 
to determine, if the 'wake up' was caused by an external 
fiilC[R signal or a Watchdog Timer timeout. 


NOTE: Some applications 
may require external RlC 
networks on the fiilC[R pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC16CR54 will be in RESET onlyforthe 
oscillator start- 
up timer period. 


The configuration word consists of four ROM fuses. 


Two are for the selection of the oscillator type, one is the 
Watchdog 
Timer enable fuse, and one is the code 
protection fuse. 


The customer makes the selection for these and the 
parts are tested accordingly. The packages are marked 
with the suffixes 'XT', 'RC', 
'HS' or 'LP' following the 
part number to identify the oscillator type and operating 
range. 


15.1 Customer 10 Code 


The PIC16CR54 has four special ROM locations which 
are not part of the normal program memory. These 
locations are available to the user to store an Identifier 
(ID) code, checksum or other informative data. They 
cannot be accessed during normal program execution 
but can be read out using any programmer that supports 
the PIC16C5X, such as PRO MATETM. 


• 


15.2 Code Protection 


The code in the ROM can be protected by selecting the 
code protection fuse to be "0". 


When code protected, the contents of the program ROM 
cannot be read out in a way that the program code can 
be reconstructed. 
The factory can verify every bit in a 
code protected ROM through a special ROM-verify test 
mode. In this test mode data is presented to the chip for 
every ROM location and a pass/fail bit at the end of the 
sequence indicates if the ROM matched the extemally 
supplied pattern sequence. This mode does not output 
the ROM pattern and therefore does not compromise 
code security. 


Another way to verify a code protected ROM without 
supplying the actual code is as follows: 


When code protected, verifying any program memory 
location will read a scrambled output which looks like 
"OOOOOOOOXXXX" 
(binary) where X is 1 or O. To verify a 


code protected device, follow this procedure: 


a. 
First, read in a code-protected 
device known to be 


good into a file. The data will look scrambled. 


b. 
Verify any code-protected 
PIC16CR54 against this 


file. 


16.1 Absolute Maximum Ratings· 


Ambient temperature under bias 
-SS'C to +12S'C 


Storage Temperature 
- 6S'C to +1S0'C 
Voltage on any pin with respect to vss 
(except Voo and MCLR) 
-Q.6V to Voo +0.6V 
Voltage on Voo with respect to Vss 
0 to +7.5 V 
Voltage on MCLR with respect to Vss 
(Note 2) 
0 to +14 V 
Total power Dissipation (Note 1) •................... 800 mW 
Max. Current out of Vss pin 
150 mA 
Max. Current into Voo pin 
50 mA 
Max. Current into an input pin 
±SOO1IA 
Input clamp current, 11K (VI<Oor VI>VOO) 
±20 mA 
Output clamp current, 10K (VO<Oor VO>Voo) . ±20 mA 
Max. Output Current sinked by any 1/0 pin 
25 mA 
Max. Output Current sourced by any 1/0 pin 
20 mA 
Max. Output Current sourced by a single 


1/0 port (Port A or B) 
40 mA 
Max. Output Current sinked by a single 


1/0 port (Port A or B) 
SOmA 


"Notice:Stressesabovethoselistedunder'MaximumRatings' 
maycausepermanentdamageto the device. This is a stress 
ratingonlyandfunctionaloperationofthedeviceatthoseorany 
otherconditionsabovethoseindicatedinthe operationlistings 
ofthisspecificationisnotimplied. Exposureto maximumrating 
conditionsfor extendedperiodsmayaffectdevice reliability. 


Notes: 1. Total power dissipation should not exceed 800 
mW for the package. 
Power dissipation 
is 
calculated as follows: 
Pdis =Voo x{loo -L loh) + L{(Voo-Voh) 
x loh} 
+ L(Vol x 101) 
2. Voltage spikes below Vss at the MCLR pin, 


inducing currents 
greater than 80mA, may 
cause latch-up. Thus, a series resistor of 50- 
1000 should be used when applying a 'low' 
level to the MCLR pin rather than pulling this 
pin directly to Vss. 


Name 
Function 
Description 


RAO- RA3 
1/0 PORT A 
4 input/output lines. 


RBO- RB7 
1/0 PORTB 
8 input/output lines. 


RTCC 
Real Time Clock/Counter 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 
MCLR 
Master Clear 
Schmitt Trigger Input. 
A 'Low' voltage on this input generates a RESET condition 
for the PIC16CR54 microcontroller. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
inout must be tied directlv. or via a pull-up resistor to Voo. 
OSC1/CLKIN 
Oscillator (input) 
'XT', 'HS' and 'LP' devices: Input terminal for crystal, 
ceramic resonator, or external clock generator. 
'RC' devices 
: Driver terminal for external RC combination 
to establish oscillation. 
OSC2ICLKOUT 
Oscillator (output) 
For 'XT', 'HS' and 'LP' devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For 'RC' devices: 
A 'CLKOUT" signal with a frequency of 


1/4 Fosc1is put out on this pin. 
Voo 
Power supply 
Vss 
Ground 
NlC 
No (internal) Connection 
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16.3 
DC CHARACTERISTICS; 
PIC16CR54-RC. 
XT, 
HS. 
LP (Commercial) 
PIC16CR54-RC, 
XT, 
HS, 
LP (Industrial) 


DC 
CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER 
SUPPLY 
PINS 
Operating temperature -40 ~ TA ~ +85'C for industrial and O'C ~ TA ~ +70'C for commercial 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 


Note 
1 


Supply 
Voltage 
PIC16CR54-XT, 
RC 
Voo 
2.5 
6.25 
V 
Fosc = DC to 4 MHz 


PIC16CR54-HS 
4.5 
5.5 
V 
Fosc = DC to 20 MHz 


PIC16CR54-LP 
2.0 
6.25 
V 
Fosc = DC to 200 KHz 


RAM 
Data Retention 
VOR 
1.5 
V 
Device 
in SLEEP 
mode 


Voltage 
(Note 
3) 
Voo starting 
voltage 
to 
VPOR 
Vss 
V 
See section 
13.1 for details 
on 


guarantee 
power 
on reset 
power-an-reset 


Voo rise rate to guarantee 
Svoo 
0.05' 
V/ms 
See section 
13.1 for details 
on 


power 
on reset 
power-an-reset 


Supply 
Current 
(Note 
2) 
PIC16CR54-XT, 
RC (Note 5) 
100 
2.0 
3.6 
mA 
Fosc = 4 MHz, Voo = 6.0V 


0.8 
1.8 
mA 
Fosc = 4 MHz, Voo = 3.0V 


90 
350 
j.LA 
Fosc = 200 KHz, voo = 2.5V 


PIC16CR54-HS 
3.8 
10 
mA 
Fosc = 8 MHz, voo = 5.5V 


9.0 
20.0 
mA 
Fosc = 20 MHz, Voo = 5.5V 


PIC16CR54-LP 
10.0 
20.0 
j.LA 
Fosc = 32 KHz, Voo = 2.0V 


70.0 
~A 
Fosc = 32 KHz, Voo = 6.0V 


Power 
Down 
Current 
Commercial 
(Note 
4) 
PIC16CR54 
Ipo 
1 
6 
~A 
Voo = 2.5V, WDT disabled 


2 
8' 
~A 
Voo = 4.0V, WDT disabled 


3 
15 
j.LA 
Voo = 6.0V, WDT disabled 


5 
25 
j.LA 
Voo = 6.0V, WDT enabled 


Power 
Down 
Current 
Industrial 
(Note 
4) 
PIC16CR54 
Ipo 
1 
8 
j.LA 
Voo = 2.5V, WDT disabled 


2 
10' 
j.LA 
Voo = 4.0V, WDT disabled 


3 
20' 
~A 
Voo = 4.0V, WDT enabled 


3 
18 
j.LA 
Voo = 6.0V, WDT disabled 


5 
45 
~A 
Voo = 6.0V, WDT enabled 


Note 1: 
Oata in the column labeled "Typical' is based on characterization results at 25'C. This data is for design guidance only and is 
not tested for, or guaranteed by Microchip Technology. 


Note 2: 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus loading, oscillator 


type, bus rate, internal code execution pattern, and temperature also have an impact on the current 
consumption. 


a) The test conditions for all 100 measurements in active operation mode are: OSCl = external square wave, from rail to rail; 
all I/O pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 


Note 3: 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 


Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. It is measured in SLEEP with all I/O pins in 
hi-impedence state and connected to Voo or Vss. 


Note 5: 
In RC mode does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER SUPPLY PINS 
Operating temperature 
-40 ~ TA :0; +125'C, unless otherwise stated 


Operating voltage 
Voo = 3.5V to 5.5V unless otherwise stated 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Supply Voltage 
PIC16CR54-XT, RC 
Voo 
3.25 
6.0 
V 
Fosc= DC to 4 MHz 
PIC16CR54-HS 
4.5 
5.5 
V 
Fosc= DC to 20 MHz 
PIC16CR54-LP 
2.5 
6.0 
V 
Fosc= DC to 200 KHz 
RAM Data Retention 
VOR 
1.5 
V 
Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage 
to 
VPOR 
Vss 
V 
See section 13.1 for details on power on 
guarantee 
power on reset 
reset 
Voo rise rate to guarantee 
Svoo 
0.05' 
V/ms 
See section 13.1 for details on power on 
power on reset 
reset 
Supply Current 
(Note 2) 
PIC16CR54-XT 
100 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = 5.5V 
PIC16CR54-RC (Note 5) 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = 5.5V 
PIC 16CR54-HS 
4.8 
10.0 
mA 
Fosc= 10 MHz, Voo = 5.5V 
9.0 
20.0 
mA 
Fosc= 16 MHz, Voo = 5.5V 
PIC16C5X-LP 
25 
55 
!!A 
Fosc= 32 KHz, voo = 3.25V, WDT disabled 
Power Down Current 
(Note 4) 
PIC16CR54 
Ipo 
5 
22 
!!A 
Voo = 3.25V, WDT enabled 
0.8 
18 
!!A 
Voo = 3.25V, WDT disabled 


Data in the column labeled 'Typical' 
is based on characterization 
results at 25·C. This data is for design 
gUidance only and is not tested for, or guaranteed by Microchip Technology. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current 
consumption. 


a) The test conditions for all 100 measurements in active operation mode are: 
OSC1= extemal square wave, from rail to rail; all I/O pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled 
as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
ir = Voo/2Rext 
(mA) with Rext in kOhm. 


Note 3: 
Note 4: 


PIC16CR54 


16.5 
DC CHARACTERISTICS; 
PIC16CR54·RC,)(T. 
HS, LP (Commercial) 
PIC16CR54·RC, 
XT, HS, LP (Industrial) 


Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
DC CHARACTERISTICS, 
Operating temperature -40'C ~ TA ~ +85'C for industrial and 


ALL 
PINS EXCEPT 
POWER 
SUPPLY 
O'C ~ TA ~ +70'C for commercial 
Operating voltage Voo range as in table 16.3 unless otherwise stated 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Input Low Voltage 
I/O ports 
VIL 
Vss 
0.2 Voo 
V 
Pin at hi-impedance 
MCLR (Schmitt trigger) 
Vss 
0.15 Voo 
V 
RTCC (Schmitt trigger) 
Vss 
0.15 Voo 
V 
OSC1 (Schmitt trigger) 
Vss 
0.15 Voo 
V 
PIC16CR54RC only (Note 5) 


OSC1 
Vss 
0.15 Voo 
V 
PIC16CR54-XT 
HS LP 
Input High Voltage 
I/O ports 
VIH 
2.0 
Voo 
V 
Voo = 3.0V to 5.5V (Note 6) 
0.6 Voo 
Voo 
V 
Full Voo range (Note 6) 
MCLR (Schmitt trigger) 
0.85 Voo 
Voo 
V 
RTCC (Schmitt trigger) 
0.85 Voo 
Voo 
V 
OSC1 (Schmitt trigger) 
0.85 Voo 
Voo 
V 
PIC16CR54-RC only (Note 5) 
OSC1 
0.85 Voo 
Voo 
V 
PIC16CR54-XT, HS, LP 
Input Leakage Current 
For Voo :55.5V 
(Notes 3, 4) 
I/O ports 
IlL 
-1 
+1 
JlA 
Vss ~ VPIN~ Voo, 
Pin at hi-impedance 
MCLR 
-5 
JlA 
VPIN= Vss + 0.25V 
MCLR 
0.5 
+5 
JlA 
VPIN= Voo 
RTCC 
-3 
0.5 
+5 
JlA 
Vss ~ VPIN~ Voo 
OSC1 
-3 
0.5 
+3 
JlA 
Vss ~ VPIN~ Voo, 
PIC16CR54-XT, HS, LP 
Output 
Low Voltage 
I/O Ports 
VOL 
0.5 
V 
IOL= 10 mA, Voo = 6.0V 
OSC2/CLKOUT 
0.5 
V 
IOL= 1.9 mA Voo = 6.0V 
Output 
High Voltage 
VO Ports (Note 4, 5) 
VOH 
Voo.o.5V 
V 
IOH= -4.0 mA, Voo = 6.0V 
OSC2/CLKOUT 
Voo.o.5V 
V 
IOH= .0.8 mA, Voo = 6.0V 


Note 1: Data inthe column labeled 'Typical" is based on characterization results at 25' C. This data isfor design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 
Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : For PIC16CR54-RC devices, the OSC 1 pin is a Schmitt trigger input. It is not recommended that the PIC16CR54 


be driven with external clock in RC mode. 


Note 6: The user may use the better of the two specs. TTL level is guaranteed in 3.0V to 5.5V range. 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 


ALL PINS EXCEPT POWER SUPPLY 
Operating temperature -40 < TA < +125·C 


Operating voltage Voo range as described in DC spec tables 


16.3 and 16.4 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 


(Note 1) 


Input Low Voltage 
I/O ports 
VIL 
Vss 
0.15 Voo 
V 
Pin at hi-impedance 
MCLR (Schmitt trigger) 
Vss 
0.15 Voo 
V 
RTCC (Schmitt trigger) 
Vss 
0.15 Voo 
V 
OSC1 (Schmitt trigger) 
Vss 
0.15 Voo 
V 
PIC16CR54-RC only (Note 5) 
OSC1 
Vss 
0.3 Voo 
V 
PIC16CR54-XT, HS, LP 


Input High Voltage 
I/O ports 
VIH 
0.45 Voo 
Voo 
V 
For all Voo (Note 6) 
2.0 
Voo 
V 
4.0 V < Voo ~ 5.5 V (Note 6) 
0.36 Voo 
Voo 
V 
Voo>5.5 
V 
MCLR (Schmitt trigger) 
0.85 Voo 
Voo 
V 
RTCC (Schmitt trigger) 
0.85 Voo 
Voo 
V 
OSC1 (Schmitt trigger) 
0.85 Voo 
Voo 
V 
PIC16CR54-RC only (Note 5) 
OSC1 
0.7 Voo 
Voo 
V 
PIC16CR54-XT, HS, LP 


Input Leakage Current 
For Voo ~ 5.5V 
(Notes 3, 4) 
I/O ports 
IlL 
-1 
0.5 
+1 
1IA 
Vss ~ VPIN~ Voo. 
Pin at hi-impedance 
MCLR 
-5 
!LA 
VPIN= Vss + 0.25V 
MCLR 
0.5 
+5 
!LA 
VPIN= Voo 
RTCC 
-3 
0.5 
+3 
!LA 
Vss ~ VPIN~ Voo 
OSC1 
-3 
0.5 
+3 
1IA 
Vss ~ VPIN~ Voo , 
PIC16CR54-XT, HS, LP 


Output 
Low Voltage 
I/O Ports 
VOL 
0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 
OSC2ICLKOUT 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 
(PIC16CR54-RC) 


Output 
High Voltage 
I/O Ports (Note 4) 
VOH 
Voo-0.7 
V 
IOH= -5.4 mA, Voo = 4.5V 
OSC2ICLKOUT 
Voo-0.7 
V 
IOH= -1.0 mA, Voo = 4.5V 
(PIC16CR54-RC) 


Note 1: Data inthe column labeled "Typical" is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 
Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 
Note 5: For PIC16CR54-RC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16CR54 
be driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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16.7 
AC CHARACTERISTICS; 
PIC16CR54=RC. 
XI. HS. LP (Commercial) 
PIC16CR54-RC. 
XT. HS. LP (Industrial) 
PIC16CR54-RC. 
XI, HS. LP (Automotive) 


AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
(unless otherwise 
stated) 


Operating temperature TA = -40'C to +85'C (industrial), 
TA = -40'C to +125'C (automotive) and O'C ~ TA ~ +70'C (commercial) 
Operating voltage Voo range as described in DC spec tables 16.3 and 16.4 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Oscillator 
Fosc 
DC 
4.0 
MHz 
RC mode, Voo = 2.5 to 6.25V 


Frequency 
(Note 2) 
0.1 
4 
MHz 
XT mode, Voo = 2.5 to 6.25V 


4 
20 
MHz 
HS mode, Voo = 4.5 to 5.5V 


DC 
200 
KHz 
LP mode Voo = 2.0 to 6.25V 


Instruction 
Cycle Time 
Tcy 
4/Fosc 
External Clock in Timing 
(Note 4) 
Clock in High or Low Time 
XT oscillator type 
TCKHLXT 
50· 
ns 
LP oscillator type 
TCKHLlP 
2· 
jLs 
HS oscillator type 
TCKHLHS 
20· 
ns 
Clock in Rise or Fall Time 
XT oscillator type 
TCKRFXT 
25· 
ns 
LP oscillator type 
TCKRFLP 
50· 
ns 
HS oscillator tvoe 
TCKRFHS 
25· 
ns 
RESET Timing 
MCLR Pulse Width (low) 
TMCL 
100· 
ns 
RTCC Input Timing, 
No Prescaler 
RTCC High Pulse Width 
TRTH 
0.5 TcY+ 20· 
ns 
Note 3 
RTCC Low Pulse Width 
TRTL 
0.5 Tcy+ 20· 
ns 
Note 3 
RTCC Input Timing, 
With Prescaler 
RTCC High Pulse Width 
TRTH 
10· 
ns 
Note 3 
RTCC Low Pulse Width 
TRTL 
10· 
ns 
Note 3 
RTCC Period 
TRTP 
TCY+40 
• 
ns 
Note 3. Where N = 


N 
prescale value (2,4, ..., 256) 


Watchdog 
Timer TImeout 
Period (No Prescaler) 
TWOT 
7* 
18 
30· 
ms 
Voo = 5V, -40'C to 85'C 


Oscillation 
Start-up TImer 
TOST 
7· 
18 
30· 
ms 
Voo = 5V, -40'C to 85'C 
Period 
110 Timing 


1/0 Pin Input Valid Before 
CLKOUTi 
(RC Mode) 
Tos 
0.25 Tcy+ 30· 
ns 


1/0 Pin Input Hold After 
CLKOUTi 
(RC Mode) 
TOH 
O· 
ns 
110 Pin Output Valid After 
CLKOUT.!. (RC Mode) 
Tpo 
40· 
ns 
Capacitive 
Loading 
Specs on Output 
Pins 
OSC2 
COSC2 
15 
pF 
In XT, HS and LP modes 
when external clock is used 
to drive OSC1. 


All 1/0 pins and OSC2 
CIO 
50 
pF 
(in RC mode) 


NOTES TO AC CHARACTERISTICS: 
PIC16CR54-RC, XT, HS, lP (COMMERCIAL) 
PIC16CR54-RC, XT, HS, lP (INDUSTRIAL) 


the device executing code. Exceeding these specified limits may 
result in an unstable oscillator operation and/or higher than 
expected current consumption. All devices aretested to operate at 
"min: values with an external clock applied to the OSC1 pin. 
When an external clock Input Is used, the "Max." cycle time limit 
Is "DC" (no clock) for all devices. 
3. For a detailed explanation of RTCCinput clock requirements see 


Section 4.2.1. 


4. Clock-in high time is the duration for which clock input is at 


VIHOSC or higher. 
Clock-in low time is the duration for which clock input is atVILOSC 
or lower. 


1. Data in the column labeled "Typical' is based on characterization 


results at 2S"C.This data is for design guidance only and is not 
tested for, or guaranteed by Microchip Technology. 
2. Instruction cycle period (Tcy) equalsfour times the input oscillator 


time base period. 
All specified values are based on characterization data for that 
particular oscillatorlype under standard operating conditions with 


FIGURE 16.8.1 - ELECTRICAL 
STRUCTURE OF VO PINS (RA, RB) 


FIGURE 16.8.2 - ELECTRICAL 
FIGURE 17.0.2 - OSCILLATOR 
START-UP 


STRUCTURE OF MCLR AND RTCC PINS TIMING (PIC16CR54RC) 
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The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. 
In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified Voo 
range). 
This is for information only and devices are 
guaranteed to operate property only within the specified 
range. 


The data presented in this section is a statistical sum- 
mary of data collected from units from different lots over 
a period of time. 
Typical' represents the mean of the 
distribution while 'max' and 'min' represents (mean +3s) 
and (mean - 3s) respectively where s is standard devia- 
tion. 


FIGURE 18.0.2 - TYPICAL 
RC OSCILLATOR 
FREQUENCY V5. Voo' 
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FIGURE 18.0.3 - TYPICAL 
RC OSCILLATOR 
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FIGURE 18.0.4 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo* 
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*Measured on PDIP Packages 


FIGURE 18.0.5 - TYPICAL Ipo vs Voo 
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ENABLED 2S*C 


./ 


./ 


./ 
/' 


/ 
/ 
// 


0.01W 
U 
U 
U 
U 
U 
~ 
U 
M 
Voo (Volts) 


TABLE 18.0.1 - RC OSCILLATOR FREQUENCY 


VARIATION FROM UNIT TO 
UNIT* 


cext 
Rext 
Average 


Fosc @ SV, 2S*C 


20pf 
3.3k 
6.02 MHz 
±28% 


5k 
4.06 MHz 
±25% 


10k 
2.47 MHz 
±24% 


100k 
261 KHz 
±39% 


100pf 
3.3k 
1.82 MHz 
±18% 


5k 
1.28 MHz 
±21% 


10k 
715 KHz 
±18% 


100k 
72.4 KHz 
±28% 


300pf 
3.3k 
712.4 KHz 
±14% 


5k 
508 KHhz 
±13% 


10k 
278KHz 
±13% 


100k 
28KHz 
±23% 


The percentage variation indicated here is part to part 
variation due to normal process distribution. The varia- 
tion indicated is ±3 standard deviation from average 
value for full voo range. 


FIGURE 18.0.6 - MAXIMUM Ipo vs Voo 
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Note: 
These input pins have Schmitt trigger input buffer. 


FIGURE 
18.0.9 
• VTH, (INPUT 
THRESHOLD 
VOLTAGE) 
OF OSC1 
INPUT 
(IN XT, HS, AND LP 
MODES) 
vs Voo 
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FIGURE 18.0.12 - WDT Timer Time-out Period 
vs Voo 
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PIC16CR54 


TABLE 18.0.2 - INPUT CAPACITANCE FOR 
PIC16CR54 * 


Typical 
Capacitance 
(pF) 
Pin 
18L PDIP 
18LSOIC 


RA, RS port 
5.0 
4.3 
-- 
MCLR 
2.0 
2.0 


OSC1,OSC2ICLKOUT 
4.0 
3.5 


RTCC 
3.2 
2.8 


• All capacitance values are typical at 25"C. A part to 
part variation of ±25% (three standard deviations) 
should be taken into account. 


MMMMMMMMMMMMXXX 
o MMMMMMMMXXXXXXX 
~AABB 
CDE 


MMMMMMMMM 


MMMMMMMMM 


O~AABB 
CDE 


PIC16CR54- 
o RCI/P456 
~9123 
CBA 


MMMMMMMMMMMM 


MMMMMMMMMXXX 


I()~ 
AABB 
CDK 


MM 
M 
XX 
X 


AA 
BB 
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Microchip part number information 
Customer specific information 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 
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Connect world wide to the Microchip BBS using the 
CompuServe'" communications network. In most cases 
a local call is your only expense. 
The Microchip BBS 


connection 
does not use CompuServe 
membership 


services, therefore 
you 
do not need CompuServe 


membership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 


agent for details if you have a problem. 
CompuServe 


services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 


(8N1). 
This is not the normal CompuServe setting 


which is 7E1. 


3. Depress <ENTER> and a garbage string will appear 


because Compuserve is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 


nected to the Microchip BBS. 


in the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E 1and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Hos t 
Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PIC is a registered 
trademark 
of Microchip 
Technology 


Incorporated 
in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology 
Incorporated. 


PIC MASTER, PRO MATE and PICSTART are trademarks 
of Microchip Technology 
Incorporated. 


ACCESS.bus 
is a trademark of the ACCESS.bus 
Industry 


Group. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


Microsoft 
and Microsoft 
Windows 
are registered 
trade- 


marks of Microsoft Corporation. 


CompuServe 
is a registered trademark of CompuServe Inc. 


All other trademarks 
mentioned herein are the property of 


their respective companies. 
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PIC16CR54 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. - XX 
X /XX XXX 
T~ 
Patt~n: 
I 
Package: 
P 
PDIP 
SO 
300 mil SOIC (Gull Wing Lead) 
SS 
SSOP (209 mil) 


Temperature 
Range: 
I 
E 


O· C to 
+70'C 


-40' C to 
+85'C 


-40' C to 
+125'C 


Examples: 
a) PIC16CR54· XT/P169 
= 
"XT' oscillator, commercial 
temp., PDIP,with ROM 
pattem 169 
b) PIC16CR54· LP 1/50592 = 
'LP" oscillator, industrial 
temp., SOIC device wijh 
ROM code 592 


Oscillator 
R:: 
Type: 
XT 
HS 
LP 


PIC16CR54 
PIC16CR54T (In tape and reel, in SOIC package only) 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate Lijerature Center 
U.S. FAX: (602) 786·7277 
3. 
The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call 1·800·755·2345 or 1·602·786·7302. 


PIC16C54A 


Compatibility 
• Pin and software compatible with PIC16C54 device 


High-Performance 
RISC-lIke CPU 
• Only 33 single word instructions to leam 
• All single cycle instructions (200 ns) except for 
program branches which are two-eycle 
• Operating speed: 
DC - 20 MHz clock input 
DC - 200ns instruction cycle 
• 
12-bit wide instructions 


• 8-bit wide data path 
• 512 x 12 on-ehip EPROM program memory 
• 25 x 8 general purpose registers (SRAM) 
• Seven special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 
and instructions 


Peripheral 
Features 


12 1/0 pins with individual direction control 
8-bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 
Power-On Reset 
Oscillator Start-up Timer 
Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 
Security EPROM fuse for code-protection 
Power saving SLEEP mode 
EPROM fuse selectable oscillator options: 
- Low-eost RC oscillator: RC 
- Standard crystaVresonator: XT 
- High-speed crystaVresonator: HS 
- Power saving, low frequency crystal: LP 


CMOS Technology 
Low-power, high-speed CMOS EPROM technology 
Fully static design 
Wide-operating voltage range: 
- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
Low-power consumption 
- < 2mA typical 
@ 5V, 4 MHz 


- 15J.IAtypical @ 3V, 32 KHz 
- < 3J.IAtypical standby current @ 3V, O·C to 70·C 
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The PIC16C54A from Microchip Technology is a new 
member 
of the PIC16C5X family of low-cost, 
high- 
performance, 8-bit, fully static, EPROM based CMOS 
microcontrollers. This device is pin and software com- 
patible with the PIC16C54.1t employs a RISC-like archi- 
tecture with only 33 single word/single cycle instructions 
to learn. All instructions are single cycle (200ns) except 
for program 
branches 
which take two cycles. 
The 
PIC16C54A delivers performance an order of magni- 
tude higher than its competitors in similar price category. 
The 12-bit wide instructions 
are highly symmetrical 
resulting in 2: 1code compression over other 8-bit micro- 
controllers in its class. 
The easy to use and easy to 
remember 
instruction set reduces development 
time 
significantly. 


The PIC16C54A isequipped with special microcontroller- 
like features that reduce system cost and power require- 
ments. The Power-On Reset and Oscillator Start-Up 
Timer eliminate the need for external reset circuitry. 
There are four oscillator configurations to choose from, 
including power saving LP (Low Power) oscillator and 
cost saving RC oscillator. 
Power saving SLEEP mode, 


watchdog timer and code protection features improves 
system cost, power and reliablity. 


The UV-erasable cerdip-packaged versions are ideal for 
code development while the cost-effective 
One Time 
Programmable (OTP) versions are suitable for prOduc- 
tion in any volume. The customer can take full advan- 
tage of Microchip's price leadership in OTP microcon- 
troller while benefiting from the OTP flexibility. 


The PIC16C54A is supported by an assembler, a soft- 
ware simulator, an in-circuit emulator and a production 
quality programmer. All the tools are supported by IBM 
PC"' and compatible machines. 


TABLE 
1.0.1 - OVERVIEW 
OF PIC16C5X 
AND 
PIC16C5XA 
DEVICES 


Device 
User RAM 
VO 
Package Options 
(Bytes) 


ICt6C54At 
PIC16CR54 
PIC16C55 


PIC16C57 
PIC16CR57At 
PIC16C58At 


28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 
28-lead SOIC (300 mil, 
28-lead SSOP 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 


18-lead SOIC 
300 mil 
20-lead SSOP 
28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 


28-lead SOIC 
300 mil, 28-lead SSOP 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 


18-lead SOIC (300 mil), 20-lead SSOP 


~[J®OOITiJi)O!TIl®[JW 


2-97 


• 


The PIC16C54A 
device fits perfectly in applications 
ranging from high speed automotive 
and appliance 
motor control to low-power remote transmitters/receiv- 
ers, pointing devices, and telecom processors. 
The 
EPROM technology makes customization of application 
programs (transmitter codes, motor speeds, receiver 
frequencies, etc.) extremely fast and convenient. The 
small footprint packages for through hole or surface 


mounting make this microcontroller series perfect for all 
applications with space limitations. Low-i;ost, low-power, 
high performance, ease of use and I/O flexibility make 
the PIC16C54A very versatile even in areas where no 
microcontroller 
use has been considered before (e.g. 


timer functions, 
replacement 
of 'glue' 
logic in larger 


systems, co-processor applications). 


TABLE 1.0.2 - CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


Voo: 2.5 to 6.25V 
Idd: 32uA Max. at 32KHz, 3.0V 
Ipd: 9uA Max. at 3.0V WDT dis 
Freq.: 200KHz Max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MINIMAX specifications. 
It is recommended that the user selects the device type that guarantees the specifications required. 


asc 


RC 


C-20 


VOO:4.5V to 5.5V 
Idd: 1.8mA typoat5.5V 
Ipd: O.6uA typo at 3V WDT <lis 
Fr 
.: 4 MHz Max. 
Voo; 4.5V to 5.5V 
1dd:4.8inA typ, at5.5V 
Ipd:~auA typo$ttNWDl'dls 
F~ 
.: 4 MHz Max. 


voo: 4.5V to 5.5V 
Idd: 20mA Max. at 5.5Vtyp at 5.5V 
Ipd: 0.6uA typoat 4.5V WDT dis 
Freq.: 20 MHz Max. 


C-Q4 


Voo: 3.0V to 6.25V 
Idd: 3.3mA Max. at 5.5V 
Ipd: 9uA Max. at 3V WDT dis 
Fre .: 4MHz Max. 
Voo: 3.0V to 6.25V 
Idd: 3.3mA Max. at 5.5V 
Ipd: 9uA Max. at 3V WDT dis 
Fre .: 4MHz Max. 
Voo: 4.5V to 5.5V 
Idd: SmA Typ. at 5.5V 
!pd: O.6uA Typ. at 4.5V WDT <lis 
Fr .:4MHz 
VOO:3.0V to 6.25V 
idd: 15uA Typ.at32 
KHz. 3.0V 
: a.6uA. 
3.0VWDTdi$ 
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2.2 Clocking 
Schemennstruction 
Cycle 


The clock input (from pin OSC 1) is intemally divided by 
four to generate four non-overlapping quadrature clocks 
namely 01,02,03 
and 04. 
Intemally, PC is incre- 
mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. 
It is 
decoded and executed during the following 01 through 
04. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 


2.1 Harvard Architecture 


The PIC16C54A single-chip microcomputer 
is a low- 
power, high-speed, full static CMOS devices containing 
EPROM, RAM, 1/0 and a central processing unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard arChitecture). The data bus and memory (RAM) 
are a-bits wide while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program 
memory. A block diagram 
of the 
PIC16C54A is given in Figure 2.1.1. 


Name 
Function 


RAO- RA3 
1/0 PORTA 
RBO - RB? 
1/0 PORTB 
RTCC 
Real Time Clock/Counter 
MCLR 
Master Clear 
OSC1/CLKIN 
Oscillator (input) 
OSC2ICLKOUT 
Oscillator (output) 
Voo 
Power supply 
Vss 
Ground 
N/C 
No (intemal) Connection 


SRAM 
(25x8) 


GENERAL 


PURPOSE 


REGISTER 
FILE 
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:} 
I"emal 
, 
Phase 


, 
CIod<s 


Q4 
~~-------,---':.,~-------~~~------~~ 
11::1 
(PnlgrMl count.., 


OSC2lCLKOUT 


(AC Mode) t-:===~~~~h:;::===l-----=::;:-;;"""=",,,,--~ 
~ 
Fetch INST 
PC 
Execute INST (PC") 
FeldllNST 
(PC") 
xecute 


PIC16C54A 


2.3 Data Register File 


The a·bit data bus connects two basic functional ele- 
ments together: the Register File composed of 32 ad- 
dressable a-bit registers including the 1/0 Ports, and an 
a·bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable while a 'banking' scheme, with 
banks of 16 bytes each, is employed to address larger 
data memories (Figure 4.2.1). Data can be addressed 
direct, or indirect 
using the file select register (f4). 
Immediate data addressing 
is supported by special 
'literal' 
instructions 
which 
load data from 
program 
memory into the W register. 


The register file is divided into two functional groups: 
operational 
registers and general purpose registers. 


The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 


The a-bit wide ALU contains one temporary working 
register (W Register). 
It performs arithmetic and Bool- 


ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


512 words of 12-bit wide on-chip 
program 
memory 
(EPROM) can be directly addressed. 


Sequencing 
of microinstructions 
is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. 
Program control opera- 


tions, supporting 
direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc· 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level 
stack is employed to provide easy to use 
subroutine nesting. 
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A wide variety of EPROM and RAM sizes, number of 
I/O pins, oscillator types, frequency ranges, and packag- 
ing options is available. Depending on application and 
production requirements the proper device option can 
be selected using the information and tables in this 
section. 
When 
placing 
orders, 
please 
use the 
"PIC16C54A Product Identification System" on the back 
page of this data sheet to specify the correct part 
number. 


3.1 UV Erasable Devices 


These devices are optimal for prototype development 
and pilot series. The desired oscillator configuration is 
EPROM programmable as "RC", ")(T", "HS" or "LP". An 
erased device is configured as "RC" type by default. 
Depending on the selected oscillator type and frequency, 
the operating supply voltage must be within the same 
range as a OTP/aTP 
part would be specified for. 


3.2 One-Time-Programmable 
(OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices have the oscillator type pre-config- 
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). 


The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the Watch- 
dog Timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The 16 special EPROM bits for ID code storage 
are also user programmable. 


3.3 Quick- Turnaround-Production 
(QTP) 
Devices 


Microchip offers a aTP Programming Service forfactory 
production orders. 
This service is made available for 


users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. 
Please contact your Microchip 
Technology sales office for more details. 


3.4 Serialized-Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
few locations 
in each device are programmed 
with 


different serial numbers. 
The serial numbers may be 
random, pseUdo-random or sequential. 


Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
IDnumber. 
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4.1 Indirect Data Addressing 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the result in W. 


If INDF itself is read through indirect addressing (Le. 
FSR = Oh), then OOhis read. 
If INDF is written to via 


indirect addressing, the result will be a NOP. 


4.2 Real Time ClocklCounter 
Register 
~ 


This register can be loaded and read by the program as 
any other register. 
In addition, 
its contents 
can be 


incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT =foscl4). 
Figure 4.1.1 is a simplified block 
diagram of RTCC. 


An B-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped 
in data memory) addressable 
using the 'OPTION' instruction. 
See Section 7.4 for 
details. 
If the prescaler 
is assigned to the RTCC, 
instructions 
writing to RTCC (e.g. CLRF RTCC, or 
BSF RTCC,5, ...etc.) clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines if RTCC is incremented internally or 
externally. 


RTS=l: 
The clock source for the RTCC or the pres- 
caler, if assigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines if an increment occurs on the falling 
(RTE=l) 
or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 


RTCC 


PIN 


~ 


RTS=O: The RTCC register or its prescaler, respec- 


tively, will be incremented 
with the internal 


instruction clock (= Fosd4). The "RTE" bit in the 
OPTION register and the RTCC pin are "don't 
care" in this case. The RTCC pin must not be 
left floating (tie to Voo or Vss). This prevents 
unintended entering of test modes and to re- 
duce the current consumption 
in low power 


applications. 


As long as clocks are applied to the RTCC (frorn internal 
or external source, with or without prescaler), RTCC 
keeps incrementing and just rolls over when the value 
"FFh" is reached. All increment pulses for RTCC are 
delayed by two instruction cycles. After writing to RTCC, 
for exarnple, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as- 
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read- 
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. 
Timing diagrams in Figure 


4.2.2 show RTCC read, write and increment timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When external clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurance 
of the 


external clock edge to the actual incrernenting of RTCC. 
Referring to Figure 4.1.1, the synchronization 
is done 


after the prescaler. 
The output of the prescaler 
is 


sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tosc and low for at least 2 tosc 
where tosc = oscillator time period. 


SYNC WITH 


INTERNAL 


CLOCKS 


(2 CYCLE DELAY) 


PS2,PS1,PSO 
PSA 


Notes: 
1. Bits, RTE, RTS, PS2, PS1, PSOare located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1). 


~If@~ 
0 ITi1il 0 IJi)fIDlfW 


2-102 


FILE 
7 
6 
5 
4 
321 
0 
ADDRESS 


00 
INDIRECT AD DR. n 


01 
RTCC 
CALL 
8 
7 
6 
5 
4 
3 
2 
1 
0 
8 
7 
65432 
0 
RETLW 
02 
A8 
PC 
STACK 1 
r-I 
STACK 2 


03 
STATUS 


04 
FSR 
7 
6 
5 
4 
321 
0 
05 
PORTA 
5 
4 
3 
2 
1 
0 
06 
PORTB 


07 
OPTION 


TO AND FROM 
REGISTER FILE 
VIAALU 


GENERAL 


PURPOSE 


REGISTER 
W 
LFROM PROGRAM MEMORY 


GENERAL 
PURPOSE 
REGISTER 
FILE 
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When no prescaler is used. PSOUT (Presealer output. 
see Figure 4.1.1) is the same as RTCC clock input and 
therefore the requirements are: 


TRTH= 
RTCC high time ~ 2tosc + 20ns 
TATL = 
RTCC low time ~ 2tose + 20ns 


When orescaler is used, the RTCC input is divided by the 
asynchronous ripple counter-type presealer and so the 
prescaler output is symmetrical. 


Th 
P 
h" h . 
Pit" 
N • TAT 
en: 
SOUT Ig 
time = 
SOUT ow Ime = ~ 
where TAT= RTCC input period and N= preseale value 
(2.4, ....• 256). The requirement is. therefore~ 
~ 2 tose + 20 ns. or TAT~ 4 lose + 40 ns . 
N 


The user will notice that no requirement on RTCC high 
time or low time is specified. 
However. if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary. the RTCC input requirements 
are: 


TAT 
RTCC period ~ (4 tose + 40ns)/N 
TATH 
RTCC high time ~ 10ns 
TATL 
RTCC low time ~ 10ns 


Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks. there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 4.2.3. the reader can see that this 
delay is between 3 tose and 7 tose. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within ±4 tosc (±200ns @ 20 MHZ). 


4.3 
Program Counter (PC) 


The program counter generates the addresses for on- 
chip ROM containing the program instruction words 
(Figure 4.3.1). 


The program counter is set to all '1's upon a RESET 
condition. 
During 
program 
execution 
it is auto 


incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) 
'GOTO' 
instructions allow the direct loading of the 


lower nine program counter bits (PC <8:0». 


b) 
'CALL' 
instructions load the lower 8-bits of the PC 


directly while the ninth bit is cleared to '0'. The PC 
value, incremented by one, will be pushed into the 
stack. 


c) 
'RETLW' 
instructions 
load the program counter 


with the top of stack contents. 


d) 
If PC is the destination 
in any instruction 
(e.g. 


MOVWF PC. ADDWF PC. or BSF PC,S) then the 
computed 8-bit result will be loaded into the lower 
8-bits of program counter. The ninth bit of PC will be 
cleared. 


R:; 
(PROGRAM 
COUNTER) 


R:; 


INST- 


OI/OVWFRTCC 
I 
PC., 
PC+2 
I 
PC+3 
PC... 
PC+S 
k 


: MOVF RTCC. w 
: 
MOVF RTCC. W 
: 
MOVF RTCC. W 
• 
MOVf 
RTCC. W 
: 
MOVF RTCC. W 
: 


... 
AT+ 
1 I 
RT+2 I 
NRT 
NRT 
NRT+1 
NRT+2 
NRT +3 C; 


t 
t 
t 
t 
t 


WriteRTCC 
RoadRTCC 
RoadRTCC 
, 
Road RTCC 
Read RTCC 
ReadRTCC 
executed 
, 
.-BNRT 
.-BNRT 
reads NAT + 1 
readsNRT 
+2 
reads NRT +3 


R:; 
(PROGRAM 
COUNTER) 
I 
Fe 
I 
PC., 
PC+2 
PC+3 
PC... 
PC+5 
i 
PC+6 


, 
MOVWF 
RTCC 
: 
MOVF 
ATCC. 
W 
: MQVF 
ATCC. 
W 
: 
MOVF 
ATCC. 
W 
: MOVF 
RTCC, 
W 
: 
MQVF 
RTCC, 
W 
: 


Rr 
AT+ 
1 
NRT 
I : 
NRT+1 


t 
t 
t 
t 


, t 


WrieRTCC 
ReadRTCC 
ReadRTCC 
ReadRTCC 
Read 
RTCC 
ReadRTCC 


executed 
readsNRT 
reads NRT 
.-BNRT 
, 
readsNRT 
, 
reads NAT + 1 
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EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) 
I 


INCREMENT RTCC (04) 


RTCC 


Notes: 


1. Delay from clock input change to RTCC increment is 3 lose to 7tose. 
(Duration of a = lose). 
Therefore, the error in measuring the interval between two edges on RTCC input = ± 4 tose max. 
2. 
External clock if no presealer selected, Prescaler output otherwise. 
3. 
The arrows indicate the points in time where sampling occurs. 


..!GOTO 
DIRECT FROM INSTRUCTION WORD 
\'CALL, INST WITH PC AS DESTINATION 
ALWAYS '0" 


..!GOTO, 
CALL 
DIRECT FROM INSTRUCTION WORD 
\,INST WITH PC AS DESTINATION 
FROM ALU 


STACK LEVEL 1 


STACK LEVEL 2 


RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent "RETLW"s are 
executed, the stack will be filled with the address previ- 
ously stored in level 2. 


The PIC16C54A series employs a two-level hardware 
push/pop stack (Figure 4.3.1). 


CALL instructions push the current program counter 
value, incremented by "1", into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent "CALL"s are executed, only the most recent 
two retum addresses are stored. 
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This register contains the arithmetic status of the ALU, 
the RESET status. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 
set after the following write. 
Furthermore, TO and PO 


bits are not writable. Therefore, the result of an instruc- 
tion with STATUS register as destination may be differ- 
ent than intended. 
For example, CLRF STATUS will 


clear all bits except for TO and PO and then set the Z bit 
and leave STATUS register as OOOUU100(where U = 
unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because these instructions do not affect any 
status bit. 


For other instructions, 
affecting any status bits, see 


Section 
'Instruction Set Summary' (Table 10.0.1). 


RESET CONDITION: 
PA2,PA1, PAO cleared to '0'. 
TO, PO are set or reset as shown in Table 4.5.2.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRYIBORROW 
BIT: 
For ADDWF and SUBWF instructions, 
this bit is set if there is 


a carry out from the most significant bit of the resultant. 
Note 
that 
a subtraction 
is executed 
by adding 
the 
two's 


complement 
of the second 
operand. 
For rotate (RRF, 
RLF) 


instructions, 
this 
bit is loaded 
with 
either 
the 
high 
or low 


order bit of the source register. 


DIGIT CARRYIBORROW 
BIT: 


For ADDWF and SUBWF instructions, 
this bit is set if there is 


a carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN 
BIT: 


Set to '1' during power up or by a CLRWDT 
command. 
This 


bit is reset to '0' by a SLEEP instruction. 


TIME-OUT 
BIT: 


Set to '1' 
during power up and by the CLRWDT 
and SLEEP 


command. 
This bit is reset to '0' 
by a watchdog 
timer time 


out. 


PtC16C54A: 
Two general purpose read/write bits. 
In PIC16C56 


and PIC16C57 these are page select bits. 


BIT 7: 
General purpose read/write bit 
(reserved for future use) 
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4.5.1 CARRY/BORROW 
AND DIGIT CARRY/ 
BORROW BITS: 


The Carry bit (C) is a carry out in addition operation 
(ADDWF) 
and a borrow 
out in subtract 
operation 


(SUBWF). 


It is also affected by RRF and RLF instructions. 
The 


following examples explain carry/borrow bit operation: 


~lrf 
Ox20 


movlw 
1 
subwf 
Ox20 


;f(20hl=O 
;wreg=l 
;f(20h)=f(20hl-wreg=O-1=FFh 
;Carry=O: Result 
is negative 


;SUBWF Example 
#2 


movlw 
OxFF 


movwf 
Ox20 


clrw 
subwf 
Ox20 
O=FFh 


;f(20h)=FFh 
;wreg=O 
;f(20h)=f(20h)-wreg=FFh- 


The digit ~erates 
in the same way as the carry bit, 
Le. it is a borrow in subtract operation. 


4.5.2 TIME OUT AND POWER DOWN STATUS 
BITSaO. 
POl 


The TO and PD bits in the STATUS register can be 
tested to determine 
if a RESET condition has been 


caused 
by a Watchdog 
Timer timeout, 
a power-up 


condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 


These status bits are only affected by events listed in 
Table 4.5.2.1. 


TABLE 4.5.2.1 - EVENTS AFFECTING POI 


TO STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 


WDTTimeout 
0 
X 
No effect on PD 


SLEEP instruction 
1 
0 
CLRWDT instruction 
1 
1 


Note: 
A WOT timeout 
will occur regardless 
of the status of the TO 
• 
bit. A SlEEP 
instruction 
will be executed, 
regardless 
of the 


status of the PO bit. Table 4.5.2.2 
reflects the status 01 PO 


and TO after the corresponding 
event. 


TABLE 4.5.2.2 • POITO STATUS AFTER 
RESET 


TO 
- 
RESET was caused by 
PO 


0 
0 
WDT wake-up from SLEEP 


0 
1 
WDT time-out (not dUring SLEEP) 


1 
0 
MCLR wake-up from SLEEP 


1 
1 
Power-up 
U 
U 
= Low pulse on MCLR input 


Note: 
The PO and TO bit maintain 
their status (U) until an event 


of Table 
4.5.2.1 
occurs. 
A low-pulse 
on the MCLR 
input 


does not change 
the PO and TO status bits. 


4.6 File Select Register (FSR) 


PIC16C54A 


Bits 0-4 select one of the 32 available file registers inthe 
indirect addressing mode (that is, calling for file INDF in 
any of the file oriented instructions). 


Bits 5-7 of the FSR are read-only and are always read as 
·one·s. 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 
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PJ~l§C;:)~~A"llt::11 
dilU 
It::i::tUUflu~r 
program 
control like any other register of the register file. How- 
ever, 'read' instructions (e.g. MOVF PORTB,W) always 
read the 1/0 pins, regardless if a pin is defined as 'input' 
or 'output.' 
Upon a RESET condition, all 1/0 ports are 


defined as 'input' (= high impedance mode) as the 1/0 
control registers (TRISA, TRISB) are all set to 'ones.' 


The execution of a 'TRIS f' instruction with correspond- 
ing 'zeros' 
in the W-register is necessary to define any 


of the 1/0 pins as output. 


5.1 PORTA 


4-bit 1/0 register. Low-order 4-bits only are used (RAO - 
RA3). Bit 4 - 7 are unimplemented and read as 'zeros.' 


8-bit 1/0 register. 


5.3 17 


In PIC16C54A, 
file register f7 is a general purpose 


register. 


• II'G 
v"'tUIVQIClll 
\",11 ,",un 
IUI 
drl 
"V 
tJur LUll 
IS snown 
In 


Figure 5.4.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond- 
ing direction control bit (in TRISA, TRISB) must be set to 
zero. For use as an input, the corresponding TRIS bit 5.5 
1/0 Programming Considerationsmust 
be 'one'. Any 1/0 


pin can be programmed individually as input or output. 


FROM 
--- 
0 
DATA 
BUS 


o 
a 


I/O 
CONTROL 
LATCH 


CK 
SET a 
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5.5 I/O Programming Considerations 


5.5.1 BIDIRECTIONAL I/O PORTS 


Some instructions operate intemally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. 
For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an inpu1at this time, the inpu1signal present on the 
pin itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a '0' or '1' should not be driven 
from extemal 
devices at the same time in order to 
change the level on this pin ('wired-or', 
'wired-and'). 
The resulting high output currents may damage the chip. 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning olthe instruction cycle (see Figure 
5.5.2.1). 
Therefore, care must be exercised if a write 
followed by a read operation is carried ou1on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions 
with a NOP or an other instruction not 
accessing this I/O port. 


Fe 
Instruction 
fetched 


PC+3 


f'O" 
Fe 
~ 
PC+l 
~ 
MOVWF PORTB 
I MOVF PORTB, W 
I 
Write to PORTB 
I 
Read PORTS 
I 
I 
I 
I 


~portPin 
: 
I 
I 
I 
I 
I 
sampled here I 


~ 
~ 
I 
Tro 
I 
Execute 
I 
Execute 
I 


I MOVWF PORTB 
I MOVF PORTB, W 


PC+2 


f'O" 


This example 
shows write 
to PORTS 
followed 
by a 
read from 
PORTS. 
Note 
that the data setup time = 
(0.25 
TCY 
- TPD) 
where 
TCY 
= instruction 
cycle 
Therefore, 
at higher clock 
frequencies, 
write followed 
by 
a 
read 
may 
be 
problematic. 
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6~ GENERAL PURPOSE 
REGISTERS 


7.1 W 
Working 
Register 


Holds second operand in two operand instructions and! 
or supports the intemal data transfer. 


7.2 IBIM 
VO Control Register For 
PORTA 


Only bits 0 - 3 are available. The corresponding 1/0 port 
(f5) is only 4-bit wide. 


7.3 TRISB 
va Control Register For 
f.Q.BTIl 


The 1/0 control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 


A '1' in the 1/0 control register puts the corresponding 
1/0 pin into a high impedance mode. A '0' 
puts the 


contents of file register PORTA or PORTS, respectively, 
out on the selected 1/0 pins. 


These registers are 'write-only' 
and are set to all 'ones' 


upon a RESET condition. 


7.4 OPTION 
PrescalerlRTCC Option 
Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is 'write-only' 
and is 6 bit wide. 


Sy executing the 'OPTION' 
instruction, the contents of 


the 'W' register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
'ones.' 


PRESCALER 
VALUE 
RTCCRATE 
WDTRATE 


0 
0 
0 
1 : 2 
1: 
1 


0 
0 
1 
1 : 4 
1 : 2 


0 
1 
0 
1 : 8 
1 : 4 


0 
1 
1 
1 : 16 
1 : 8 
1 
0 
0 
1 : 32 
1 : 16 


1 
0 
1 
1 : 64 
1 : 32 


1 
1 
0 
1 : 128 
1 : 64 
1 
1 
1 
1 : 256 
1 : 128 


PRESCALER 
ASSIGNMENT 
Brr: 
0 
RTCC 
1 
WOT 


RTCC SIGNAL EOGE: 
0 
INCREMENT 
ON LOW-TO-HIGH 
TRANSITION 
ON RTCC PIN 


1 
INCREMENT 
ON HIGH-TQ-LOW 
TRANSITION 
ON RTCC PIN 


RTCC SIGNAL SOURCE: 
0 .... INTERNAL 
INSTRUCTION 
CYCLE CLOCK (CLKOUl) 


1.... 
TRANSITION 
ON RTCC PIN 
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8.0 RESET CONDITION 


A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input 'low', orby 
a Watchdog 
Timer timeout. The device will stay in 


RESET as long as the Oscillator Start-up Timer (OST) is 
active or the MCLR input is 'low.' 


The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be ~ 
This implies that in 


case of Power-On Reset with MCLR tied to Voo the OST 
starts from power-up. In case of WDTtimeout, it will start 
at the end of the timeout (since MCLR is high). In case 
of MCLR reset, the OSTwili start when MCLR goes high. 
The nominal OST timeout period is 18ms. See Section 
13.0 for detailed information on OST and Power-On 
Reset. 


During a RESET condition the state of the PIC16C54A 
is defined as : 


• 
The oscillator is running, or will be started (power- 
up or wake-up from SLEEP). 
• 
All 1/0 port pins (RAO- RA3, RBO- RB7 are put into 
the high-impedance state by setting the 'TRIS' reg- 
isters to all 'ones' 
(= input mode). 
• 
The Program Counter is set to all 'ones' (1FFh). 
• 
The OPTION register is set to all 'ones'. 


• 
The Watchdog Timer and its prescaler are cleared. 


• 
The upper-three bits (page select bits) in the Status 
Register (f3) are cleared to 'zero.' 
• 
"RC" devices only: The 'CLKOUT" 
signal on the 


OSC2 pin is held at a'low' 
level. 


9.0 
PRESCALER 


An 8-bit counter is available as a prescaler for the RTCC, 
or as a post-scalerforthe 
Watchdog Timer, respectively 


(Figure 9.0.1). For simplicity, this counter is being re- 
ferred to as 'prescaler' throughout this data sheet. Note 
that there is only one prescaler available which is mutu- 
ally exclusively 
shared between the RTCC and the 


Watchdog Timer. Thus, a prescaler assignment for the 
RTCC means thatthere is no prescalerforthe 
Watchdog 


Timer, and vice-versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
When assigned to the RTCC, all instructions writing to 
the 
RTCC 
(e.g. 
CLRF 
RTCC, 
MOVWF 
RTCC, 


BSF RTCC,x ....etc.) will clear the prescaler. 
When 


assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. 


SYNC 
2 
CYCLES 


WATCH 


DOG 


TIMER 


Note: 
RTE, RTS, PSA, PSo-PS2 
are Ms in the OPTION register. 
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9.1 Switching 
Prescaler Assignment 


CHANGING 
PRESCALER 
FROM 
RTCC 
TO WOT 


The 
prescaler 
assignment 
is fully 
under 
software 
con- 


trol, 
i.e., it can be changed 
'on 
the fly' 
during 
program 
execution. 
To avoid 
an unintended 
device 
RESET, 
the 
following 
instruction 
sequence 
must 
be executed 
when 
changing 
the prescaler 
assignment 
from RTCC to WOT: 


1. MOVLW B'XXOXOxxx' 


2. OPTION 


; Select internal clock and select new 


; prescalervalue. If new prescalevalue 


; is = '000' or '001', then selectany other 


; prescalevaluetemporarily. 


; ClearRTCCand~. 


; SelectWDT, do not changeprescale 


; value. 


3. CLRF1 


4. MOVLW B'xxxx1xxx' 


5. OPTION 


6. CLRWDT 
17. MOVLW B'xxxx1xxx' 
La. OPTION 


; ClearsWDT and~. 


; Select new prescalevalue. 


Steps 
1 and 
2 are 
only 
required 
if an ex1emal 
RTCC 
source 
is used. 
Steps 
7 and 8 are necessary 
only if the 
desired 
prescale 
value 
is '000' 
or '001 '. 


CHANGING 
PRESCALER 
FROM 
WDT 
TO RTCC 


To change 
prescaler 
from WOT to RTCC 
use the follow- 


ing sequence: 


1. CLRWDT 


2. MOVLW 


: ClearWDT and ~ 


B'xxxxOxxx' : Select RTCC,new prescalevalue 


; and clock source 


10.0 BASIC INSTRUCTION 
SET 
SUMMARY 


Each instruction 
isa 12-bitword 
divided 
into an OPCOOE 


which 
specifies 
the 
instruction 
type 
and 
one 
or more 


operands 
which 
further 
specify 
the 
operation 
of the 


instruction. 
The instruction 
set summary 
in Table 
10.0.1 


lists 
by1e-oriented, 
bit-oriented, 
and 
literal 
and 
control 


operations. 


For by1e-oriented 
instructions, 
'f' represents 
a file regis- 


ter designator 
and 'd' 
represents 
a destination 
designa- 


tor. The 
file register 
designator 
specifies 
which 
one of 


the 32 file registers 
is to be utilized 
by the instruction. 


The destination 
designator 
specifies 
where 
the result 
of 


the operation 
is to be placed. 
If 'd' 
is zero, 
the result 
is 


placed 
in the W register. 
If 'd' 
is one, the result 
is placed 


in the file register 
specified 
in the instruction. 


For 
bit-oriented 
instructions, 
'b' 
represents 
a bit field 


designator 
which 
selects 
the number 
of the bit affected 


by the operation, 
while 
'f' 
represents 
the number 
of the 


file in which 
the bit is located. 


For literal and control 
operations, 
'k' represents 
an eight 


or nine bit constant 
or literal 
value. 


All instructions 
are executed 
within 
one 
single 
instruc- 


tion cycle, 
unless 
a conditional 
test is true or the program 


counter 
is changed 
as a result 
of an instruction. 
In this 


case, 
the 
execution 
takes 
two 
instruction 
cycles. 
One 


instruction 
cycle consists 
of four oscillator 
periods. 
Thus, 


for an oscillator 
frequency 
of 4 MHz, the normal 
instruc- 


tion execution 
time 
is 1 lJ.Sec. If a conditional 
test is true 


or the 
program 
counter 
is changed 
as a result 
of an 


instruction, 
the instruction 
execution 
time 
is 211sec. 


Notes to Table 10.0.1 


Note 
1: The ninth 
bit of the program 
counter 
will be forced 
to a 'zero' 
by any instruction 
that writes 
to the PC except 
for 


GOTO 
(e.g. 
CALL, 
MOVWF 
PC etc.). 
See Section 
4.3 on page 
8 for details. 


Note 2: 
When 
an I/O register 
is modified 
as a function 
of itself ( e.g. MOVF 
PORTB,l 
), the value 
used will be that value 


present 
on the pins themselves. 
For example, 
if the data 
latch 
is '1' 
for a pin configured 
as output 
and is driven 


low by an ex1emal 
device, 
the data will be written 
back 
with 
a '0'. 


Note 3: 
The instruction 
'TRIS 
f' , where f = 5,6, or 7 causes 
the contents 
olthe 
W register 
to be written 
to the tristate 
latches 


of the specified 
file (port). 
A 'one' 
forces 
the pin to a high 
impedance 
state 
and disables 
the output 
buffers. 


Note 4: If this instruction 
is executed 
on file registerf1 
(and, where 
applicable, 
d= 1), ti,e prescaler 
will be cleared 
if assigned 


to the RTCC. 
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(11-6) 
(5) 
(4 - 0) 
BYTE-ORIENTED FILE REGISTER OPERATIONS 
I 
OPCODE 
~ 
I(FILE 
#) I 


d = 0 lor destination 
W 


d = 1 lor destination 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Stalus Affected 
Noles 


0001 
11df 
ffff 
1Cf 
Add Wand I 
ADDWF 
I, d 
W+I-+d 
C,DC,Z 
1,2,4 


0001 
01df 
ffff 
14f 
AND Wandl 
ANDWF 
I, d 
W&I-+d 
Z 
2,4 


0000 
01lf 
ffff 
06f 
Clear I 
CLRF 
I 
0-+1 
Z 
4 


0000 
0100 
0000 
040 
ClearW 
CLRW 
. 
O-+W 
Z 


0010 
Oldf 
ffff 
24f 
Complement I 
COMF 
I, d 
f-+d 
Z 
2,4 
0000 
11df 
ffff 
OCf 
Decrement I 
DECF 
I, d 
1-1 -+ d 
Z 
2,4 


0010 
11df 
ffff 
2Cf 
Decrement I,Skip il Zero 
DECFSZ 
f, d 
I - 1 -+ d, skip if zero 
None 
2,4 


0010 
10df 
ffff 
28f 
Increment I 
INCF 
f, d 
1+1-+d 
Z 
2,4 


001111df 
ffff 
3Cf 
Increment I,Skip il zero 
INCFSZ 
f, d 
1+ 1 -+ d, skip il zero 
None 
2,4 


0001 
OOdf 
ffff 
10f 
Inclusive OR Wand I 
IORWF 
I, d 
Wvl-+d 
Z 
2,4 


0010 
OOdf 
ffff 
20f 
Move I 
MOVF 
f, d 
1-+ d 
Z 
2,4 


0000 
OOlf 
ffff 
02f 
MoveWlol 
MoVWF 
f 
W-+I 
None 
1,4 


0000 
0000 
0000 
000 
No Operation 
NOP 
- 
- 
None 


0011 
01df 
ffff 
34f 
Rotate left I 
RLF 
f, d 
I(n) -+ d(n+ 1), C -+ d(O), 1(7) -+ C 
C 
2,4 


0011 
OOdf 
ffff 
30f 
Rotate right 1 
RRF 
I, d 
I(n) -+ d(n-1), C -+ d(7), 1(0) -+ C 
C 
2,4 


0000 
10df 
ffff 
OBf 
Subtract W lrom 1 
SUBWF 
f, d 
1- W -+ d [I + W + 1 -+ d] 
C,DC,Z 
1,2,4 


0011 
10df 
ffff 
3Bf 
Swap halves I 
SWAPF 
f, d 
1(0-3) H 1(4-7) -+ d 
None 
2,4 


0001 
10df 
ffff 
1Bf 
Exclusive OR Wand I 
XORWF 
f, d 
Wffi 
I-+d 
Z 
2,4 


(11-8) 
(7-5) 
(4 - 0) 
BIT-ORIENTED FILE REGISTER OPERATIONS 
I 
OPCODE 
I b(BIT#) I 
I(FILE 
#) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


0100 bbbf 
ffff 
4bf 
Bit Clear I 
BCF 
I, b 
0-+ 
I(b) 
None 
2,4 


0101 bbbf 
ffff 
5bf 
Bit Set I 
BSF 
I, b 
1 -+ I(b) 
None 
2,4 


0110 bbbf 
ffff 
6bf 
Bit Test I,Skip il Clear 
BTFSC 
f, b 
Test bit (b) in lile (I): Skip il clear 
None 


0111 bbbf 
ffff 
7bf 
Bit Test I, Skip il Set 
BTFSS 
f, b 
Test bit (b) in lile (I): Skip il set 
None 


(11-8) 
(7 -0) 
LITERAL AND CONTROL OPERATIONS 
I 
OPCODE 
I 
k (LITERAL) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Slalus Affected 
Noles 


1110 kkkk 
kkkk 
Ekk 
AND Literal and W 
ANDLW 
k 
k& W-+W 
Z 
1001 kkkk 
kkkk 
9kk 
Call subroutine 
CALL 
k 
PC + 1 -+ Stack, k -+ PC 
None 
1 
0000 
0000 
0100 
004 
Clear Watchdog timer 
ClRWDT 
- 
o -+ WDT (and prescaler, il assigned) 
TO,PD 
10 1k kkkk 
kkkk 
Akk 
Go To address (k is 9 bit) 
GoTo 
k 
k -+ PC (9 bits) 
None 
1101 kkkk 
kkkk 
Dkk 
Incl. OR Literal and W 
loRlW 
k 
kvW-+W 
Z 
1100 kkkk 
kkkk 
Ckk 
Move Literal to W 
MOVlW 
k 
k-+ 
W 
None 
0000 
0000 
0010 
002 
Load OPTION register 
OPTION . 
W -+ OPTION register 
None 
1000 kkkk 
kkkk 
Bkk 
Return,place Literal in W 
RETLW 
k 
k -+ W, Stack -+ PC 
None 


0000 
0000 
0011 
003 
Go into standby mode 
SLEEP 
- 
o -+ WDT, stop oscillator 
TO,PD 
0000 
0000 
Offf 
Oaf 
Tristate port 1 
TRIS 
f 
W-+ I/O control register 1 
None 
3 
1111 kkkk 
kkkk 
Fkk 
Excl. OR Literal and W 
XoRlW 
k 
kffiW-+W 
Z 
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The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any extemal 
components. That means that the WDT will run, even if 
the clock on the OSC1/0SC2 
pins of the device has 


been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. 
The WDT can be pennanently disabled by 


programming a 'zero' into an EPROM fuse which is not 
part of the normal program memory EPROM. 


11.1 WDT Period 


The WDT has a nominal timeout period of 18ms, (with no 
prescaler). The timeout periods vary with temperature, 
Voo and process variations from part to part (see DC 
specs). 
If longer timeout periods are desired, a pres- 


caler with a division ratio of up to 1:128 can be assigned 
to the WDT under software control by writing to the 
OPTION 
register. Thus, time-out 
periods 
up to 2.5 


seconds can be realized. 


The 'CLRWDT' 
and 'SLEEP' 
instructions 
clear the 


WDT and the prescaler count, if assigned to the WDT, 
and prevent it from timing out and generating a device 
RESET condition. 


The status bit TO in file register STATUS will be cleared 
upon a watchdog timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 


11.2 WDT Programming Considerations 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.1 Oscillator Types 


The PIC16C54A series is available with four different 
oscillator options. On windowed devices, a particular 
oscillator circuit can be selected by programming the 
configuration EPROM accordingly. 


On OTP and QTP devices, the oscillator configuration is 
programmed by the factory and the parts are tested only 
to the according specifications. 


12.2 Crystal Oscillator 


The PIC16C54A crystal options (-XT, -HS, or LP) need 
a crystal or ceramic resonator connected to the OSC1 
and OSC2 pins to establish oscillation (Figure 12.2.1). 
XT = Standard crystal oscillator, HS = High speed crystal 
oscillator. The series resistor RS may be required forthe 
'HS' oscillator, especially at lower than 20 MHz oscilla- 
tion frequency. 
It may also be required in XT mode with 


ApM strip-cut type crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing insensitive applications the 'RC' device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values, and the operation 


temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 


capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of extemal Rand C components used. Figure 
12.3.1 shows how the RlC combination is connected to 
the PIC16C54A. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. 
For very high Rext values (e.g. 1 MOhm), the 


oscillator 
becomes 
sensitive to noise, humidity 
and 


leakage. Thus, we recommend to keep Rext between 3 
kOhm and 100 kOhm. 


Although the oscillator will operate with no extemal 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small extemal capacitance, 
the oscillation frequency 


can vary dramatically due to changes in extemal capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 
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See the table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. 
The 


variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18.0 for variation of oscil- 
lator frequency due to Voo for given RexVCext values as 
well as frequency variation due to operating temperature 
for given R, C, and Voo values. 


The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize 
other 
logic (see Figure 2.2.1 for 


timing). 


FIGURE 12.2.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 
/0 D~~ 
~L 
OSC2 


- -~ - - -: 
PIC16C5XA 


r 1, 
I 
I 
I ,_.J - 7 


: 
: 
'\ 
,L-SLEEP 
: 
: 
~ 
-r- 


- ~- 
- - ..•. ~ 
TO INTERNAL 


LOOIC 


As may be required in HS and XT modes lor AT strip-cut 
crystals to avoid overdriving. 
See Tables 12.2.1 and 12.2.2 


lor recommended 
values 01C1, C2 per oscillator type and 


Irequency. 


TABLE 12.2.1 - CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 
Type 
Frequency 
Cl = C2 


XT 
455 KHz 
TBD 
2.0 MHz 
TBD 
4.0 MHz 
TBD 


HS 
8.0 MHz 
TBD 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona- 
tor manufacturer for appropriate values of external com- 
ponents. 


FIGURE 12.2.2 - EXTERNAL CLOCK INPUT 


OPERATION (HS, XT, or 
LP TYPES ONLY) 


OSCI 


PIC16C5XA 


0SC2 


TABLE 12.2.2 - CAPACITOR SELECTION 


FOR CRYSTAL OSCILLATOR 


Osc 
Freq 
Cl 
C2 


Type 


LP 
32 KHz 
TBD 
TBD 


XT 
100 KHz 
TBD 
TBD 


200KHz 
TBD 
TBD 


455 KHz 
TBD 
TBD 


1 MHz 
TBD 
TBD 


2MHz 
TBD 
TBD 


4MHz 
TBD 
TBD 


HS 
4MHz 
TBD 
TBD 


8MHz 
TBD 
TBD 


20 MHz 
TBD 
TBD 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. 
Rs may be required in HS 


mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own Characteristics, the user should consult the 
crystal manufacturer for appropriate values of external 
components. 


FIGURE 12.3.1· RC OSCILLATOR (RC TYPE 


ONLY) 


Cext I 


Vss -= 
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FIGURE 13.1.1 - EXTERNAL POWER 
ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 


Noles: 


1. 
External power on reset circu~ is required only if V DO 
power-up slope is too slow or if a low frequency crystal 
oscillator is being used that need a long start-up time. The 
diode D helps discharge the capacitor quickly when V DC 
powersdown. 


2. 
R < 40 KQ must be observed to make sure that voltage drop 
across R does not exceed 0.2 V (max leakage current spec 
on MCLR pin is 5 ItA). A largervoltage drop will degrade VIH 
levelon MCLR pin. 


3. 
R1= 
1000 
to 1KQ will Iim~ any current flowing into MCLR 
from external 
capacitor 
C in the event of 
MCLR 
pin 
breakdowndue to ESDor EOS. 


FIGURE 13.1.2 - BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This circuit 
will activate 
reset when VDD goes 
below (VZ + 0.7 V) where VZ = Zener vo~age. 


FIGURE 13.1.3 - BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This brown circuit 
is less expensive, 
albeit less 
accurate. 
Transistor 01 turns off when VDD is 
below a certain level such that: 


VOOo_R_1_ 
=O.7V. 
R1 +R2 


13.0 OSCILLATOR 
START-UP 
TIMER 


(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) 
level. Thus, 


external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 


The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16C54A from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC16C54A 
incorporates 
an on chip Power-On 


Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. 
To use this feature the 


user merely needs to tie MCLR pin to VDD. A simplified 
block diagram of the on-ehip power on reset circuit is 
shown in Figure 13.1.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up the reset latch is set and the start-up timer 
(see Figure 13.1.4) is reset. The start-up timer begins 
counting once it detects MCLR to be high. Afterthe time- 
out period, which is typically 18ms, it will reset the reset- 
latch and thus end the on-ehip reset signal. 


Figures 13.1.5 and 13.1.6 are two power-up situations 
with relatively fast rise time on VDD. In Figure 13.1.5, 
VDD is allowed to rise and stabilize before bringing 
MCLR high. 
The chip will actually come out of reset 


tOST ms after MCLR goes high. In Figure 13.1.6, the on- 
chip Power-On Reset feature is being utilized (MCLR 
and VDDare tied together). The VDDis stable before the 
start-up timer times out and there is no problem in getting 
a proper reset. 
Figure 13.1.7 depicts a potentially 


problematic situation where VDDrises too slowly. In this 
situation, when the start-up timer times out, VDDhas not 
reached the VDD(min) value and the chip is therefore not 
guaranteed to function correctly. 


To summarize, the on chip Power-On Reset is guaran- 
teed to work if the rate of rise of VDD is no slower than 
0.05 Vlms. It is also necessary that the VDDstarts from 
OV. The on chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On reset. 
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PIC16C54A 


8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 
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The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the WatchdogTimer will be cleared but keeps 
running, the bit PO inthe STATUS register iscleared, the 
TO bit is set, and the oscillator driver is turned off. The 
I/O ports maintain the status they had, before the SLEEP 
command was executed (driving high,low, or hi-imped- 
ance). 


For lowest current consumption in this mode, all I/O pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 1/0 pin. I/O pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss 
for lowest 
current consumption. 


The MCLR pin must be at VIHMC. 


14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an extemally applied 'low' 
pulse atthe MCLR pin. In both cases the PIC16C54A will 
stay in RESET mode for one oscillator start-up timer 
period (triggered from rising edge on MCLR or WOT 
timeout) before normal program execution resumes. 


The PO bit in the STATUS register, which is set to one 
during power-on, but cleared bythe 'SLEEP' command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 
4.5.2.2). The TO bit in the STATUS register can be used 
to determine, if the 'wake up' was caused by an extemal 
MCLR signal or a Watchdog Timer timeout. 


NOTE: Some applications 
may require extemal 
RlC 


networ1<son the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WOT wake up from power down mode is not recom- 
mended, because a RESET generated by a WOT time 
out does not discharge the extemal capacitor, and the 
PIC16C54A will be in RESET only for the Oscillator 
Start-up Timer period. 


5V 


O_V 
~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_____ 
_~-------r- 


____ 
n 
: 
:'--tOST----j 


i 
I 


I 


When Voo rises slowly, the internal time-out period expires long before Voo has reached its final 
value. 
In this example, the chip will reset prope~y if, and only if, Vl~ 
VODMIN. 
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The configuration 
EPROM consists 
of four EPROM 


fuses which are not part of the normal EPROM for 
program storage. 


Two are for the selection of the oscillator type, one is the 
Watchdog 
Timer enable fuse, and one is the code 


protection fuse. 


Register. 
FUSES 


Address: 
N.A. 


bilO 


OT <1 :(1): 
OSC selection 
fuses. 


11 : RC oscillator 


10 : HS oscillator 


01 : XT oscillator 
00 : LP oscillator 


WDTE: 
WDT enable fuse. 


1 = WDT enabled 
o = WDT disabled 


CPo 
Code protection 
fuse. 


1: Code protection 
off 


0: 
All memory 
is code 


protected 


Unimplemented. 


15.1 Customer 10 Code 


The PIC16C54A 
series has 16 special EPROM bits 


which are not part of the normal program memory. 
These bits are available to the user to store an Identifier 
(10) code, checksum, or other informative data. They 
cannot be accessed during normal program execution. 


PIC16C54A 


15.2 Code Protection 


The program code written into the EPROM can be 
protected by programming the code protection fuse with 
·0·, 


When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. 
In addition, all memory 


locations 
starting at 040h and above are protected 


against programming. 


It is still possible to program locations OOOh- 03Fh, the 
10 locations and the configuration fuses . 


Note that the configuration fuses and the 10 bits can still 
be read, even if the code protection logic is active. 


15.2.1 VERIFYING A CODE-PROTECTED 
PART 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
·OOOOOOOOXXXX· 
(binary) where X is 1 or O. To verify a 


device after code protection, follow this procedure: 


a. 
First, program and verify a good device without code 
protecting it. 


b. 
Next, blow its code protection fuse and then load its 
contents in a file. 


c. 
Verify any code-protected PIC16C54A against this 
file. 
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Ambient temperature under bias 
-SS·C to +12S·C 


Storage Temperature ........•.............. - 6S·C to +lS0·C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) ..............• -o.6V to voo +O.6V 
Voltage on Voo with respect to Vss 
0 to +7.5 V 
Voltage on MCLR with respect to Vss 
(Note 2) 
0 to +14 V 
Total power Dissipation (Note 1) 
800mW 
Max. Current out of Vss pin 
lS0mA 
Max. Current into Voo pin 
SOmA 
Max. Current into an input pin 
±SOO~ 
Input clamp current, 11K (VI<Oor VI<VOO) 
±20mA 
Output clamp current, 10K (VO<Oor VO<Voo) .. ±20mA 
Max. Output Current sinked by any I/O pin 
2SmA 
Max. Output Current sourced by any VO pin 
20mA 
Max. Output Current sourced by a single 
I/O port (PORT A, B, or C) 
40mA 
Max. Output Current sinked by a single 
I/O port (PORT A, B, or C) 
SOmA 


maycausepermanentdamageto the deVIce.This is a stress 
ratingonlyandfunctionaloperationofthedeviceatlhose orany 
otherconditionsabovethoseindicatedinthe operationlistings 
ofthisspecificationisnotimplied.Exposureto maximumrating 
conditionsfor extendedperiodsmayaffectdevice reliability. 


Notes: 1. Total power dissipation should not exceed 800 


mW for the package. 
Power dissipation 
is 


calculated as follows: 
Pdis = Voo x {Ioo - Lloh} +L{(Voo-Voh) x loh} 
+ L(Vol x 101) 


Name 
Function 
Description 


RAO- RA3 
I/O PORTA 
4 inpuVoutput lines. 


RBO- RB7 
I/O PORTB 
8 inpuVoutput lines. 
RTCC 
Real Time Clock/Counter 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 
-- 
to reduce current consumption. 


MCLR 
Master Clear 
SChmitt Trigger Input. 
A "Low" voltage on this input generates a RESET condition 
for the PIC16C54A microcontroller. 
A rising voltage triggers the on-<:hip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-Up resistor, to Voo. 


OSC1 
Oscillator (input) 
"XT", "HS" and "LP" devices: Input terminal for crystal, 
ceramic resonator, or external clock 
generator. 


"RC" devices 
: Driver terminal for external RC combination 


to establish oscillation. 
OSC2/CLKOUT 
Oscillator (output) 
For "XT", "HS" and "LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. 
Leave open if external clock generator is used. 


For "RC" devices: 
A "CLKOUT" signal with a frequency of 


1/4 Fosc1is put out on this pin. 
Voo 
Power supply 
vss 
Ground 
N/C 
No (internal) Connection 
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DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40'C S TA S +125'C for automotive, 
-40'C S TA S +85'C for industrial and 
O'C S TA S +70'C for c 
ercial 


RAM Data Retention 
Voltage (Note 3) 
Voo start voltage to 
guarantee 
power on reset 
Voo rise rate to guarantee 
power on reset 
Supply Current 
(Note 2) 


3.0 
6.25 
V 
1.5 
V 


XT and RC options 
Fosc= 4 MHz, voo = 5.5V 
LP option, Commercial 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 
LP option, Industrial 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 
Power Down Current 
(Note 4) 
WDTenabled 
Voo = 3.0V, Commercial 
Voo = 3.0V, Industrial 
Voo = 3.0V, Commercial 
Voo= 3.0V, Industrial 


• These paramet 
s ~ 
b 
characterization and are not tested. 


Note 1: 
Data i 
he c 
mn labeled 'Typical' 
is based on characterization 
results at 25·C. This data is for design 


guidance 
Iy 
d is not tested for, or guaranteed by Microchip Technology. 


Note 2: 
The supply c 
rent is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 
OSC 1=extemal square wave, from rail to rail; all I/O pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 


Note 3: 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VDOand Vss. 


Note 5: 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


~[J®~ 
0 (fIT\) 0 [)1)@[JW 


2-121 


• 


PIC16C54A 


16.4 
DC CHARACTERISTICS: 
PIC16C54A-10 
(COMMERCIAL, 
INDUSTRIAL) 
PIC16C54A-20 
(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 
Operating temperature 
-4O'C S TA S +12S'C for automotive, 


POWER SUPPLY PINS 
-40'C S TA S +85·C for industrial and 
O·C S TA S +70'C for c 
ercial 


Characteristic 
Sym 
Mln 
Typ" 
Max 
Units 


Supply Voltage 
Voo 
3.0 
6.2S 
4.S 
S.S 
RAM Data Retention 
VOR 
1.S 
Voltage (Note 3) 
Voo start voltage 
to 
VPOR 
Vss 
guarantee 
power on reset 
Voo rise rate to guarantee 
Svoo 
O.OS" 
ower on reset 
Supply Current 
(Note 2) 
100 
XT and RC options 
Fosc= 4 MHz, Voo = S.SV 
HS option 
Fosc= 10 MHz, Voo = S.SV 
Fosc= 20 MHz, Voo = S.SV 


Power Down Current 
(Note 4) 
WDTenabfed 
12 
!1A 
Voo = 3.0V, Commercial 


14 
!1A 
Voo = 3.0V, Industrial 
WDT disabled 
9 
!1A 
Voo = 3.0V, Commercial 


12 
!1A 
Voo = 3.0V, Industrial 


Data in the column labeled ·Typical· is based on characterization 
results at 2S·C. This data is for design 


guidance only and is not tested for, or guaranteed by Microchip Technology. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 


loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current 
consumption. 


a) The test conditions for all 100 measurements in active operation mode are: 
OSC1=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled 
as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


Note 3: 
Note 4: 
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DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40'C:5 TA :5+125'C for automotive, 
-40'C:5 TA:5 +85'C for industrial and 
O'C :5TA:5 +70'C for commercial 


Voo 
2.5 
4.5 
RAM Data Retention 
VOR 
1.5 
Voltage (Note 3) 
Voo start voltage to 
VPOR 
Vss 
guarantee 
power on reset 
Voo rise rate to guarantee 
Svoo 
0.05' 
power on reset 
Supply 
Current 
(Note 2) 


100 


6.25 
V 
5.5 
V 
V 


Xl: 
nd RC options 
Fosc= 4 MHz, Voo = 5.5V 
HS option 
Fosc= 4 MHz, Voo = 5.5V 
LP option, Commercial 
Fosc= 32 KHz, Voo = 2.5V, WDT disabled 
LP option, Industrial 


1IA 
Fosc= 32 KHz, 
Voo = 2.5V, WDT disabled 
Power Down Current 
(Note 4) 
WDTenabled 
Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 
Voo = 2.5V, Commercial 
voo = 2.5V, Industrial 


Data in 
e c 
umn labeled 'Typical' 
is based on characterization 
results at 25·C. This data is for design 
guidance 0 
and is not tested for, or guaranteed by Microchip Technology. 


The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 
OSC1 = extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


Note 3: 
Note 4: 
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PIC16LC54A-04 
(COMMERCIAL, 
INDUSTRIAL) 


PIC16C54A-10 
(COMMERCIAL, 
INDUSTRIAL) 


PIC16C54A-20 
(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
ALL PINS EXCEPT POWER SUPPLY 


Standard 
Operating 
Conditions 
Operating temperature 
-40'C:s TA:S +85'C for industrial and 


O'C :STA :S+70'C for commercial 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
(Note 1) 


Input Low Voltage 
I/O ports 
VIL 
Vss 
MCLR (Schmitt trigger) 
Vss 
RTCC (Schmitt trigger) 
Vss 
OSCl (Schmitt trigger) 
Vss 
OSCl 
Vss 
Input High Voltage 
I/O ports 
VIH 
0.2 VOD+1V 
For all Voo (Note 6) 


2.0 
4.0 V < Voo :S5.5 V (Note 6) 


MCLR (Schmitt trigger) 
0.85 Voo 
RTCC (Schmitt trigger) 
0.85 Voo 
OSCl 
(Schmitt trigger) 
0.85 Voo 
RC option only (Note 5) 


OSCl 
0.7 Voo 
XT, HS and LP options 


Input Leakage Current 
For Voo S;5.5V 
(Note 4) 
I/O ports 
ilL 
flA 
Vss :SVPIN:SVoo, 
Pin at hi-impedance 
MCLR 
flA 
VPIN= Vss + 0.25V (Note 3) 


MCLR 
+5 
itA 
VPIN= Voo (Note 3) 
RTCC 
+3 
flA 
Vss :SVPIN:SVoo 


OSCl 
+3 
flA 
Vss :SVPIN:SVoo , 
XT, HS and LP options 


Output 
Low Vollag 
I/O Ports 
0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 


OSC2/CLKOU )() 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 


(RC option 0 
Output 
High 
tag 
I/O Ports (Note 4) 
Voo-Q.7 
V 
iOH= -5.4 mA, Voo = 4.5V 


OSC2/CLKOUT 
Voo-Q.7 
V 
IOH= -1.0 mA, Voo = 4.5V 


(RC option only) 


Note 1: Data inthe column labeled 'Typical' is based on characterization results at 25 •C. This data is for design guidance 


only and is not tested for, or guaranteed by Microchip Technology. 


Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 


represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 
Note 5: In RC oscillator mode, the OSCl pin is a Schmitt trigger input. It is not recommended that the PIC16C54A be 


driven with external clock in RC mode. 


Note 6: The user may use better of the two specifications. 
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16.7 AC CHARACTERISTICS: 
PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A·20 (COMMERCIAL, INDUSTRIAL) 


AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
Operating 
temperature 
-40'C 
S TA S +85'C 
for industrial 
and 
O'C S TA S +70·C 
for commercial 


External 
CLOCKIN 


Frequency 
(Note 2) 


Oscillator 
Frequency 


(Note 2) 


Instruction 
Cycle Time 


(Note 2) 


External Clock in Timing 


(Note 4) 


Clock in (OSC1) High or Low Time 
XT oscillator 
type 


LP oscillator type 


HS oscillator 
type 


Clock in (OSC1) Rise or Fall Time 
XT oscillator type 
LP oscillator 
type 


HS oscillator 
type 
RESET Timing 


MCLR Pulse Width 
low 


RTCC Input Timing, 
N 
resc 
Ie 


RTCC High Pulse 
. th () 


RTCC Low Puis 
RTCC Input 
1JAl, 


RTCC Hig 
ulse...wi 
TRTH 


RTCC Low Pu 
WI 
TRTL 


RTCC Period 
TRTP 


Watchdog 
Timer Timeout 
Period 


(No Prescaler) 
TWOT 
Oscillation 
Start-up Timer Period 
TOST 


I/O Timing 


I/O Pin Input Valid Before 


CLKOUTi 
(RC Mode) 
Tos 
I/O Pin Input Hold After 


CLKOUTi 
(RC Mode) 
TOH 


I/O Pin Output Valid After 
CLKOUTJ.. (RC Mode) 
TPD 


Typ 
Max 
Units 


(Note 1) 


0.5 Tcy+ 20" 
0.5 Tcy+ 20· 


10" 
10" 


TCY+40 
N 


g" 
18" 
g" 
18" 
30" 
ms 
30" 
ms 


~ If®~ 0 [[jfi) 0 U1llIDlfW 


2-125 


mode 


mode 


S 
ode (Com/lnd) 
(Note 5) 


LP 
e 


R 
de 


T mode 


S mode 
(Com/lnd) 
(Note 5) 


LP mode 


RC mode 


XTmode 
HS mode (Note 5) 


LP mode 


Note 3 


Note 3 


Note 3 


Note 3 


Note 3. Where N = prescale 
value (2,4, ...• 256) 


VOO= 5.0V 
Voo = 5.0V 


• 
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16.7 AC CHARACTERISTICS: 
(Cont.) 
PIC16C54A·04 
(COMMERCIAL, 
INDUSTRIAL) 


PIC16C54A·10 
(COMMERCIAL, 
INDUSTRIAL) 


PIC16C54A·20 
(COMMERCIAL, 
INDUSTRIAL) 


AC CHARACTERISTICS 
Standard Operating Conditions 
Operating temperature 
-40"C:!>TA :!>+85"C for industrial and 
O"C:!>TA :!>+70"C for commercial 


lyp 
Max 
Units 


(Note 1) 


I/O liming 
(conI.) 
I/O pin input valid beforeOSCi 


(110 setuptime) 
OSC1i to I/Opin input invalid 


(110 holdtime) 
OSC1i to I/Opin output valid 
I/O pin output risetime 
I/O pin output fall time 


Capacitive loading 
Specs on Output Pins 
OSC2pin 


liaV20sH 


losH2iaL 


lasH2iaV 


liaR 


liaF 


In Xl, HSor LPmodeswhen 
externalclock is usedto drive 
OSC1 


• Guaranteedby characterization,but not tested. ~ 


Note 1. Data inthe column labeled 'Typi 
I' is bas 
on haracterization results at25"C. This data isfor design guidance 


only and is not tested for, or 
ara 
eed 
Icrochip Technology. 


Note 2. Instruction cycle period n: ) 
q 
Is 
r 
mes the input oscillator time base period. 
All specified values are 
s 
n h 
rization data for that particular oscillator type under standard operating 


conditions with the devi 
exe 
ode. Exceeding these specified limits may result in an unstable oscillator 


operation and/or 
ghe 
h 
eXIl cted current consumption. All devices are tested to operate at 'min.' values 


with an extem 
c1~ 
app 
0 the OSC1 pin. 
When an e 
I cl 
I 
t is used, the 'Max.' cycle time limit is 'DC' (no clock) for all devices. 
Note 3. For a de 
II~ e 
atl n of RTCC input clock requirements see section 4.2.1. 
Note 4. Clock· 
hiQb4i 
e is 
e duration for which clock input is at VIHOSC or higher. 


Clock-in 
w-ti 
e is the duration for which clock input is at VILOSC or lower. 


Note 5. This HS spe T 
tion is only for the -20 device. The -10 device has a maximum of 10 MHz and the -04 device 


has a maximum of 4 MHz. 
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FIGURE 16.8.1 - ELECTRICAL STRUCTURE 
OF I/O PINS (RA, RB) 


17.0 TIMING DIAGRAMS 


FIGURE 17.0.1 - RTCC TIMING 


I:-TRTH 


1 


1 


FIGURE 16.8.2· 
ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 


Notes to Figures 16.7.1 and 16.7.2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri- 
cal overstress). 
Rin is a small resistance to further protect the 
input buffer from ESD. 


1 
------, 


1 


1 


1 


:-'--TRTL 


1 


1 


1 


1 


1 


1 


1 


1 
~, 
--------- 
: 
Tcy 


1 
1 
:------,---- 


I 
Tost 
: 
T1 


Tcy 
~ 


I, 
I 


1 


~[J®~ 
O!IT1il 0(fj)@[JW 


2-127 


• 


i~ •!TOSH2ckL 
r 


TOSH2ckH 


:- 
TckF 
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o MMMMMMMMXXXXXXX 


~AABB 
CDE 
-- 


PIC16C54A- 
o 20I/P 
~9315 
CAA 
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O~AABB 
CDE 


P1C16C54A- 


041/80218 


O~9250 
CAA 


O 


P1C16C54A 
041/JW 
9307 CAA 


xxxxxxxx 


XXXXXXXX 


O~AABB 
CDE 


P1C16C54A 
10/88 
O~9321 
CAA 


Microchip part number information 
Customer specific information' 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


'Standard 
OTP marking consists of Microchip part number, year code, week code, 


facility code, mask rev #, and assembly code. 
For OTP marking beyond this, 


certain price adders apply. 
Please check with your Microchip Sales Office. For 
aTP devices, any special marking adders are incuded in aTP price. 
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20.1 
Development 
Tools 


The PIC16C5X and PIC16CXX microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


PICMASTERTM Real-Time In-Circuit Emulator 
PRO MATETMUniversal Programmer 
PICSTARTTM Low-Cost Prototype Programmer 
• 
Assembler 
Software Simulator 


20.2 
PICMASTERTM: High Performance 
Universal In-Circuit 
Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller 
design tool set for all 
microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all new 
PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 
machines 
ranging from 80286-AT" 
class 
ISA-bus systems through 
the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft Windows" 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER 
has been designed as a real-time 
emulation 
system with advanced 
features 
generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


WIndon 
ax 
0 
o 
o 


~ 
0111111111111111111111\\1. 


Common 
Interface Card 
PC Compatible 
Computer 
(AT/ISA Bus) (for Industry Standard Architecture) 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


Host-Interface Card 


Emulator Control Pod 
• 
Target-Specific Emulator Probe 
PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system . 


PICMASTER 
emulation can operate in one window, 


while a text editor is running in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. 
With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller 
systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


20.3 
PRO MATETM:Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Voo and VPP sup- 
plies which allows it to verify programmed memory 
at 
Voo min and Voo max for maximum reliability. 
It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. 
It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory holds data and parametric 
information 
even 
when powered down. 
It is ideal for low to moderate 
volume production. 
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uSing the programmer Simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. 
Essential commands such as 


read, verify, program, blank check can be issued from 
the screen. Additionally, 
serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular 'programming 
socket 
module'. 
Different socket modules are required for 
different 
processor 
types 
and/or 
package 
types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


20.4 
PICSTARTTMProgrammer 


The PICSTARTTM programmer is an easy to use, very 
low-cost prototype programmer. 
It connects to the PC 
via one of the COM (RS232) ports. 
A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface isfull-screen and menu- 
based. 


20.5 Assembler 
(MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports 
all 
microcontroller 
series 
including 
the 
PIC 16C5X CMOS, PIC 16CXX and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development 
tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (defaUlt), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Macro Directives 
control the execution and data 


allocation within macro body definitions. 


20.6 
Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 


PIC16C5X and PIC16CXX series microcontrollers 
on 


an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. 
The input/output 


radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 


Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opment tool. 


20.7 
Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 20-1 : 


TABLE 20-1: DEVELOPMENTSYSTEM 
PACKAGES 


Item 
Name 
SystemDescription 


1. 
PICMASTERTM PICMASTERIn-CircuitEmulator 
System 
with your choiceof Target Probe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulator and 
Samples. 


2. 
PICSTARTTM 
PICSTARTTM 
Low-CostPrototype 


System 
Programmer,Assembler,Software 
SimulatorandSamples 


20.8 
Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 


PROBE 
Supported 
Frequency 
Voltage 


PROBE-16A 
PIC16C54, 
4 MHZ 
4.5V - 5.5V 


PIC16C55, 
PIC16C56, 
and PIC16C57 


PROBE-16D 
PIC16C54, 
20 MHz 
4.5V - 5.5V 


PIC16C55, 
PIC16C56. 
PIC16C57, 
and PIC16C58 
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Absolute maximum ratings 
24 
AC characteristics (04,10,20) COMIIND 
28. 29 
Block diagrams: 
Chip 
4 
I/O Pin 
12 
Power-On Reset 
21 
RTCC (Simplified) 
6 
RTCC & WDT 
15 
Brown-out protection circuit 
20 
Code protection 
23 
Configuration fuses 
22 
Data memory map 
7 
DC characteristics (04.10,20) COMIIND 
25-27 
Development tools 
37 
Extemal Power-On Reset circuit 
20 
Features overview 
1 
File register descriptions 
INDF 
6 
RTCC 
6 
PC 
8 
STATUS 
10 
FSR 
: 
11 
1/0 ports 
12,13 
10 locations 
22 
Indirect addressing 
6 
Instruction set 
17 
OPTION register 
14 
Oscillator 
18-20 
Oscillator Start-up Timer 
20 
OTP devices 
5 
Package information 
36 
~e 
select (Program memory) 
9 
PO bit 
10,11 
Pin-out information 
1. 24 
Power Down mode (SLEEP) 
22 
Power-On Reset 
20-22 
Prescaler (RTCCIWDT) 
15.16 
Program Counter 
8.9 
Program memory map 
9 
Programming information 
38 
QTP devices 
5 
Real Time Clock/Counter (RTCC) 
8. 9,15.16 
RESET 
15 
SLEEP 
22 
Stack 
9 
Status register 
10 
Timing diagrams 
1/0 pin 
13.31 
Oscillator Start-up timing 
30 
Power-On Reset 
21. 22 
RTCC timing 
8.9,30 
TO bit ..............................•.................•.•..•................ 
11 
TRIS registers 
14 
UV Erasable devices 
5 
W register 
14 
WDT 
18 
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Connect world wide to the Microchip BBS using the 
Compuserve communications network. In most cases a 
local call is your only expense. 
The Microchip BBS 
connection 
does not use CompuServe 
membership 
services, therefore you 
do not need CompuServe 
membership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 
agent for details if you have a problem. 
CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). 
This is not the normal CompuServe setting 
which is 7E1. 


3. 
Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber c1osestto you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trsdemarlcs: 


PIC is a re9istered 
trademark 
of Microchip 
Technology 


Incorporated 
in the U.S.A. 


The Microchip 
logo and name are trademarks 
of Microchip 


Technology 
Incorporated. 


PIC MASTER, PRO MATE and PICSTART are trademarks of 
Microchip Technology 
Incorporated. 


IBM PC and AT are registered trademarks 
of IBM Corpora- 


tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe 
is a registered trademark of CompuServe 
Inc. 


Ali other trademarks 
mentioned 
herein are the property of 


their respective companies. 
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PIC16C54A PRODUCT IDENTIFICATION SYSTEM 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. - XX 
X /XX XXX 
TL:Pattern: 
I 
Package: 
P 
PDIP 
SO 
SOIC (Gull Wing, 300 mil body) 
SS 
SSOP (209 mil) 


Temperature 
- 
Range: 
I 
E 


O·C 
k> +70·C (T for tape/reel) 


-40· C 
k> +85·C (S for tapeireel) 


-4Q·C 
k> +125·C 


Examples: 
a) PIC16C54A- O4IP301= 
Commercialtemp., PDIPpackage, 
4 MHz,standard VDO lim~s, 
QTP pattem 11301 
b) PIC16LC54A-041/50 = 
Industrialtemp., SOIC package, 
4 MHz,extended VDD IimM 
c) PIC16C54A- 201JP 
Industrialtemp., PDIPpackage, 
20 MHz,standard VOD limits 


Frequency 
04 
Range: 
10 
20 


4 MHz 
10MHz 
20 MHz 


PICl6C54A 
: Standard VDDrange 
PIC16LC54A 
: Extended V DOrange 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine ~ an errata sheet exists for a particular device, please contact one of the following: 


1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate L~erature Center 
U.S. FAX: (602) 766-72n 
3. 
The Microchip's Bulletin Board, via your local Compuserve number. 


Please spec~ which device, revision of silicon and Data Sheet (include L~erature II) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-766-7302. 
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Compatibility 
• 
Pin 
and 
software 
compatible 
with 
PIC16C54, 
PIC16CR54, PIC16C54A and PIC16C56 devices 


High-Performance 
RISC-Iike CPU 
• Only 33 single word instructions to learn 
• All single cycle instructions (200 ns) except for pro- 
gram branches which are lwo-eycle 
• Operating speed: 
DC - 20 MHz clock input 
DC - 200ns instruction cycle 
• 
12-bit wide instructions 
• 8-bit wide data path 
• 2K x 12 on-chip EPROM program memory 
• 72 x 8 general purpose registers (SRAM) 
• Eight special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 
and instructions 


_RA2 
_RA3 


--RTCC 
--MCLR 
--vss 
-RBO 
-RBI 
-RB2 
-RB3 


Peripheral 
Features 
121/0 pins with individual direction control 
8-bit real time clock/counter 
(RTCC) with 8-bit pro- 


grammable prescaler 
Power-on Reset 
Oscillator Start-up Timer 
Watchdog 
Timer 
(WDT) with its own on-ehip RC 
oscillator for reliable operation 
Security EPROM fuse for COde-protection 
Power saving SLEEP mode 
EPROM fuse selectable oscillator options: 
- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystal/resonator: 
HS 


- Power saving, low frequency crystal: LP 


_RA2 
_RA3 
-RTCC 
-MCLR 


-- 
vss 


-- 
vss 
-RBO 
_RBI 
-RB2 
-RB3 


CMOS Technology 
Low-power, high-speed CMOS EPROM technology 
Fully static design 
Wide-operating 
voltage range for Commercial and 
Industrial (2.5V to 6.25V) 
Low-power consumption 
- < 2mA typical @ 5V, 4 MHz 
- 1511Atypical @ 3V, 32 KHz 
- < 311Atypical standby current (with WDT disabled) 
@ 3V. O'C to 70'C 


RA1- 
RAO- 
OSC1/CLKIN-- 
OSC2ICLKOUT 
--- 
voo- 
RB7- 
ROO- 
RBS- 
RB4_ 


RAl- 
RAO- 
OSC1/CLKIN-- 
OSC2lCLKOUT 
-- 
voo-- 
voo__ 


RB7- 
ROO- 
RBS_ 
RB4- 
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1.0 
1.1 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
3.0 
3.1 
3.2 
3.3 
4.0 
4.1 
4.2 
4.2.1 
4.3 
4.4 
4.5 
4.5.1 
4.5.2 
4.5.3 
4.6 
5.0 
5.1 
5.2 
5.3 
5.4 
5.4.1 
5.4.2 
6.0 
7.0 
7.1 
7.2 
7.3 
7.4 
8.0 
9.0 
9.1 
10.0 
11.0 
11.1 
11.2 
12.0 
12.1 
12.2 
12.3 
13.0 
13.1 
14.0 
14.1 
15.0 
15.1 
15.2 
15.2.1 
16.0 
16.1 
16.2 


General Description 
3 
Applications 
4 
Architectural 
Description 
5 
Harvard Architecture 
...•........................................... 
5 
Clocking SCheme/Instruction 
Cycle 
5 
Data Register File ...................................•...•............ 
7 
ArithmeticILogic 
Unit (ALU) 
7 
Program Memory ......................................•.............. 
7 
PIC16C58A 
Series Overview 
7 
UV Erasable Devices 
7 
One-Time-Programmable 
(OTP) Devices 
7 
Quick-Tumaround-Production 
(QTP) Devices 
7 
Operational 
Register Files 
8 
Indirect Data Addressing 
(INDF) 
8 
Real Time Clock/Counter 
Register (RTCC) 
8 
Using RTCC with Extemal Clock 
8 
~~~~~.~~~~~~:.::::::::::::::::::::::::::::::::::::::::::::::::::. 
~~ 
Status Word Register 
11 
CarrylBorrow 
and Digit CarrylBorrow 
Bit~ 
..= 
12 
Time Out and Power Down Status Bits (PDITO) .. 14 
Program Page Preselect 
14 
File Select Register (FSR) 
14 
I/O Registers (Ports) 
15 
PORTA 
15 
PORTB 
15 
I/O Interfacing 
15 
I/O Programming 
Considerations 
15 
Bidirectional 
I/O Ports ......................•........•............ 
15 
Successive 
Operations 
on I/O Ports 
c•••••••••••••••• 
16 
General Purpose Registers 
16 
Special Purpose Registers 
17 
W 
Working 
Register 
17 
TRISA 
I/O Control Register for PORTA 
17 


TRISB 
I/O Control Register for PORTB 
17 
OPTION 
PrescalerlRTCC 
Option Register 
17 
Reset Condition 
18 
Prescaler 
19 
Switching 
Prescaler Assignment 
19 
Basic Instruction Set Summary 
20 
Watchdog Timer (WDT) 
22 
WDT Period 
22 
WDT Programming 
Considerations 
22 
Oscillator Circuits 
22 


~~~~:~~~a~~<:::::::::::::::::::::::::::::::::::::::::::::::::: 
~~ 
Oscillator Start-up Timer (OST) 
24 
Power On Reset (POR) 
24 
Power Down Mode (SLEEP) 
27 


g~~~~:i:i~j::~::::::::::::::::::::::::::::::::::::::::::::::: 
~~ 
Code Protection 
27 
Verifying a Code-Protected 
Part 
27 


Development 
Support 
28 
Development 
Tools 
28 
PICMASTER: 
High Performance 
Universal 
In-Circuit Emulator 
28 
PRO MATETM: Universal Programmer 
28 
PICSTARTTM Programmer 
29 
Assembler 
(MPASM) 
29 
Software Simulator (MPSIM) 
29 
Development 
Systems 
29 
Electrical Characteristics 
30 
Absolute Maximum Ratings 
30 
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The PIC16C58A from Microchip Technology is a new 
member of the family of low-cost, high-performance, 
fully static, EPROM-based 8-bit CMOS microcontrollers. 
This device is pin and software compatible with the 
PIC16C54, 
PIC16CR54, 
PIC16C54A and PIC16C56 


devices. It employs a RISC-like architecture with only 33 
single word/single cycle instructions to leam. All instruc- 
tions 
are single 
cycle 
(200ns) 
except for program 


branches which take two cycles. The PIC16C58A deliv- 
ers performance an order of magnitude higher than its 
competitors in similar price category. The 12-bit wide 
instructions are highly symmetrical resulting in 2:1 code 
compression 
over other 8-bit microcontrollers 
in its 


class. The easy to use and easy to remember instruction 
set reduces development time significantly. 


The PIC16C58A isequipped with special microcontroller- 
like features that reduce system cost and power require- 
ments. The power on reset and oscillator start up timer 
eliminate the need for external reset circuitry. There are 
four user selectable oscillator configurations to choose 
from, including power saving LP (Low Power) oscillator 
and cost saving RC oscillator. 
Power saving SLEEP 


mode, watchdog timer and code protection features 
improve system cost, power and reliablity. 


The PIC16C58A is supported by an assembler, a soft- 
ware simulator, an in-circuit emulator and a production 
quality programmer. All the tools are supported by ISMS 
PC and compatible machines. 


Device 
Memory 
User RAM 
VO 
Package Options 
Program 
(Bytes) 
(12-1>11 
Worda) 


PIC16C54 
512 (OTP) 
25 
12 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
PIC16C54A' 
18-lead SOIC (300 mil), 2o-Iead SSOP 


PIC16CR54 
512 (ROM) 


PIC16C55 
512 (OTP) 
24 
21 
28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 
28-lead SOIC (300 mil), 28-lead SSOP 


PIC16C56 
1024 (OTP) 
25 
12 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
18-lead SOIC 1300 mill. 2o-Iead SSOP 


PIC16C57 
2048 (OTP) 
72 
21 
28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 
PIC16CR57At 
2048 (OTPI 
28-lead SOIC (300 mill, 28-lead SSOP 


PJCl~f 
~(OTP) 
73 
1a 
t~wl~dCERDIP.1~PDIP(300rnll). 
1&-1ead SOle 
(:)COmil).2O-Iead. $SOP 
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1.1 Applications 


The PIC16C58A device fits perfectly in applications 
ranging from high speed automotive 
and appliance 
motor control to battery powered remote transmitters! 
receivers, low-power pointing devices and telecom pro- 
cessors. The small footprint packages for through-hole 
or surface mounting make this microcontroller perfect 


for all applications with space limitations. Low-cost, low- 
power, high-performance, ease of use and 110 flexibility 
make the PIC16C58A 
very versatile 
even in areas 


where no microcontroller 
use has been considered 


before (e.g. timer functions, replacement of 'glue' logic 
in larger systems, co-processor applications). 


TABLE 
1.0.2 - CROSS 
REFERENCE 
OF DEVICE 
SPECS 
FOR OSCILLATOR 
CONFIGURATIONS 


AND 
FREQUENCIES 
OF OPERATION 
(COMMERCIAL 
DEVICES) 


OSC 


RC 


C-04 


Voo: 3.0V to 6.25V 
Idd: 3.3mA Max. at 5.5V 
Ipd: 9uA Max. at 3V WDT dis 
Freq.: 4MHz Max. 
Voo: 3.0V to 6.25V 
Idd: 3.3mA Max. at 5.5V 
Ipd: 9uA Max. at 3V WDT dis 
Fre .: 4MHz Max. 
Von: 4.5V to S.5V 
Idd: 9mA Typ. at 5.5V 
Ipd: MuA 
Typ. at 4.5V WDT dis 
F 
.:4MHz 
Voo: 3.0V to 6,25V 
Idd; 151lA Typ. at 32 KHz, 3.0V 
Ipd: a.6uA Typ. at 3.nV WDT dis 
F~ .:200KHzT. 


C-20 


Yon: 4.5V ro 5.5Y 
Idd: 1.8mA typo at5.5Y 
Ipd: MuA typo at 3V WDT dis 
F~ .:4 MHz Max. 
Voo: 4.5Y to 5.5V 
Idd: 1.8mA typo at 5.5V 
Ipd: O.6uA typo at 3VWDTdis 
f" 
.;4 MHz Max. 


VOo: 4.5V to 5.5V 
Idd: 20mA Max. at 5.5Vtyp at 5.5V 
Ipd: 0.6uA typo at 4.5V WDT dis 
Fre .: 20 MHz Max. 


VOo: 2.5 to 6.25V 
Idd: 32uA Max. at 32KHz, 3.0V 
Ipd: 9uA Max. at 3.0V WDT dis 
Freq.: 200KHz Max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MINIMAX specifications. 
It is recommended that the user selects the device type that guarantees the specifications required. 
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2.1 Harvard Architecture 


The PIC16C58A single-ehip microcomputer 
is a low- 
power, high-speed, fully static CMOS device containing 
EPROM, RAM, 1/0 and a Central Processing Unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overtapping instruction fetch and execution 
cycles. This means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program 
memory. A block diagram of the 
PIC16C58A is given in Figure 2.1. 


WOTTIME 
8 
OUT 


Name 
Function 


RAO- RA3 
1/0 PORTA 
RBO - RB? 
1/0 PORTB 
RTCC 
Real Time Clock/Counter 
MCLR 
Master Clear 
OSC1/CLKIN 
Oscillator (input) 
OSC2ICLKOUT 
Oscillator (output) 
Voo 
Power supply 
Vss 
Ground 


GENERAL 
PURPOSE 
REGISTER 
FILE 


FROMW 
1'8 
8 


"TRIS6" 
+- 


~ 
RBo-RB7 
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rrM~oc1<~~{it6'm"pin 
OSC1/CLKIN) 
is intemally 
divided by four to generate four non-overlapping quadra- 
ture clocks namely 01, 02, 03 and 04. 
Internally, the 
PC is incremented every 01, an instruction is fetched 
from program memory and latched into instruction reg- 
ister in 04. 
It is decoded and executed during the 
following 01 through 04. 
The clocks and instruction 
execution flow are shown in Figure 2.2. 


2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 80 ad- 
dressable 8-bit registers including the I/O Ports and an 
8-bit wide Arithmetic Logic Unit. The first 32 bytes of the 
register file is directly addressable. A "banking" scheme, 
with banks of 16 bytes each, is employed to address 80 
byte data memory (Figure 4.2). Data can be addressed 
directly or indirectly using the file select register. Imme- 
diate data addressing is supported by special "literal" 
instructions which load data from program memory into 
the W register. 


The register file is divided into two functional groups: 
operational 
registers and general purpose registers. 


The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the I/O registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the I/O port configuration, and the prescaler options. 


The 8-bit wide ALU contains one temporary working 
register (W Register). 
It performs arithmetic and Bool- 


ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


2048 words of 12-bit wide on-ehip program memory 
(EPROM) are available. 
The memory can be directly 


addressed in pages of 512 words. 


Sequencing of microinstructions 
is controlled via the 


Program Counter (PC) which automatically increments 
to execute in-line programs. Program control operations 
supporting direct, indirect and relative addressing modes 
can be performed by Bit Test and Skip instructions, Call 
instructions and Jump instructions or by loading com- 
puted addresses into the PC. In addition, an on-ehip two- 
level stack is employed to provide easy to use subrou- 
tine nesting. 


:} 
IntemaJ 
, 
Phase 
, 
Clod<s 
, 


04 
~''- 
J,------)~ 
~,------)~ 
r---', 


R::l 
(PrognIm Coull'" 
, 


OSC2ICLKOUT 
\~ 
~ 


(ReModel ~'==~~~~~C==~===:!~~~~E==~==:::;~~~~~==~ 


Felch INST 
PC 


ExeaJlelNST 
(PC1) 
Fetch INST (PC+l) 
eaJle 


Execute 
INST 
(PC+ 1) 
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A wide variety of oscillator types, frequency ranges and 
packaging options are available. Depending on applica- 
tion and production requirements, 
the proper device 
option can be selected using the information and tables 
in this section. 
When placing orders, please use the 


'PIC16C58A Product Identification System' on the back 
page of this data sheet to specify the correct part 
number. 


3.1 UV Erasable Devices 


These devices are optimal for prototype development 
and pilot series. The desired oscillator configuration is 
EPROM programmable as 'RC', 'XT', 'HS'or'LP'. 
An 
erased device is configured as 'RC' 
type by default. 


Depending on the selected oscillator type and frequency, 
the operating supply voltage must be within the same 
range as a OTP/OTP part would be specified for. 


The 
available 
PIC16C5X 
development 
tools 
(PICSTARTTM and PRO MATE'M) 
can program 
all 
PIC16C5X devices for prototyping. 
PRO MATE is 


recommended for production programming. 


3.2 One-Time-Programmable 
(OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


The program EPROM is erased allowing the user to 
write the application code into it. In addition, the watch- 
dog timer can be disabled and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The sixteen special EPROM bits for an identifica- 
tion (10) code storage are also user programmable. 


3.3 Quick-Turnaround-Production 
(QTP) 
•• 
Devices 


Microchip offers a OTP Programming Service for factory 
production orders. 
This service is made available for 


users who chose not to program a medium-to-high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. 
Please contact your Microchip 
Technology sales office for more details. 
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4.1 
Indirect Data Addressing 
(INDF) 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. The INDF register is 
useful as an indirect address pointer. For example. inthe 
instruction ADDWFINDF. 
w will add the contents of the 
register pointed to by the FSR to the content of the W 
Register and place the result in W. 


If INDF itself is read through indirect addressing (Le. 
FSR = Oh). then OOhis read. 
If the INDF register is 
written to via indirect addressing, the result will be a no 
operation (NaP). 


4.2 Real Time ClockICounter 
Register 
~ 


This register can be loaded and read by the program as 
any other register. 
In addition, 
its contents can be 


incremented by an extemal signal edge applied to the 
RTCC pin or by the internal instruction cycle clock 
(CLKOUT=foscl4). 
Figure 4.1 is a simplified 
block 
diagram of the RTCC module. 


An a-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION 
register. The OPTION 
register is a 
special register (not mapped in data memory) address- 
able using the 'OPTION' instruction. See section 7.5 for 
details. 
If the prescaler is assigned to the RTCC. 
instructions writing to the RTCC register (e.g.cLRF RTCC. 
or BSF RTCC. 5 •... etc.) clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines if the RTCC register is incremented 
intemally or extemally. 


RTS=1: The clock source for the RTCC or the pres- 
caler. if assigned to it. isthe signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines if an increment occurs on the falling 
(RTE=1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 


RTS=O: The RTCC register or its presealer. respec- 


tively. will be incremented 
with the intemal 
instruction clock (= Foscl4). The "RTE" bit in 
the OPTION register and the RTCC pin are 
"don't care" in this case. However. the RTCC 
pin must not be left floating (tie to Voo or Vss). 
This prevents unintended 
operation 
and to 
reduce the current consumption in low-power 
applications. 


As long as clocks are applied to the RTCC (from internal 
or extemal source. with or without prescaler). the RTCC 
register keeps incrementing and just rolls over when the 
value "FFh" is reached. All increment pulses for the 
RTCC register are delayed by two instruction cycles. 
After writing to the RTCC register, for example, no 


increment takes place for the following two instruction 
cycles. This is independent if intemal or extemal clock 
source is selected. If a prescaler is assigned to the 
RTCC. the output of the prescaler will be delayed by two 
cycles before the RTCC register is incremented. This is 
true for instructions that either write to or read-modify- 
write RTCC (e.g. MOVF RTCC. 
CLRF 
RTCC). For 


applications where RTCC needs to be tested for zero 
without affecting its count, use of the MOVF RTCC. W 
instruction is recommended. Timing diagrams in Figure4.3 
show RTCC read. write and increment timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When extemal clock input is used for RTCC. it is syn- 
chronized with the intemal phase clocks. Therefore. the 
extemal clock input must meet certain requirements. 
Also there is some delay from the occurance 
of the 


extemal clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1, the synchronization is done after 
the prescaler. 
The output of the prescaler is sampled 


twice in every instruction cycle to detect rising or falling 
edges. Therefore. it is necessary for PSOUT to be high 
for at least 2 tose and low for at least 2 tose where: 


tose = oseillator time period. 


When no prescaler is used. PSOUT (Prescaler output. 
see Figure 4.1) is the same as RTCC clock input and. 
therefore, the requirements are: 


TRTH 
RTCC high time ~ 2 tose + 20 ns 


TRTL 
RTCC low time ~ 2 tose + 20 ns 


When presealer is used. the RTCC input is divided by the 
asynchronous 
ripple counter-type 
prescaler 
so the 


presealer output is symmetrical. 


Then: 
PSOUT high time = PSOUT 
low time = 
N·;RT 


where TRT= RTCC input period and N = prescale value 


(2. 4, ....• 256). The requirement is. therefore. 
N' ;RT 


> 2 tosc + 20 ns or TRp-4 lose+ 40 ns 
- 
, 
N' 


The user will notice that no requirement on RTCC high 
time or low time is specified. 
However. if the high time 


or low time on RTCC is too small, then the pulse may not 
be detected. 
Hence. a minimum high or low time of 10 


ns is required. 
In summary. the RTCC input require- 


ments are: 


TRT 
RTCC period ~ (4 tose + 40 ns)/N 


TRTH 
RTCC high time ~ 10 ns 


TRTL 
RTCC low time ~ 10 ns 


Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks. there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
This delay is between 3tose and 7tose (see Figure 4.4). 
Thus, for example. measuring the interval between two 
edges (e.g. period) will be accurate within ±4 tose (±200 
ns @ 20 MHz). 
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RTCC 


PIN 


~ 


PS2, PSI, PSO 
PSA 


1. 
B~s, RTE, RTS, PS2, PS1, PSOare located in option register. 
2. 
The prescaler is shared with Watchdog Timer (see Figure 9.1). 
• 


FILE 
ADDRESS 


00 


01 


02 


03 


04 


05 


06 


07 


INDFI"' 


RTCC 
CALL 
109 
S 7 
6 
5 
4 
3 
2 
1 0 
109 
S 7 
I Al0 
IA9 
IAS 
RETLW I 
f-I 
PC 
STACK 1 


STATUS 


FSR 
- 
7 
6 
5 
4 
3 
2 
1 0 
PORTA 
S79 
PORTB 
I 
TRISB 
- 
- 


1 


- 
GENERAL 
- 


- 
PURPOSE 
- 
TOANO FROM 
- 
REGISTER 
- 
REGISTER FILE 
- 
FILE 
- 
VIAALU 
II 
1 
I 
W 
- 
- 
L FROMP 
- 
- 


BIT 6, 5 OF FSR: BANK SELECT 


100 
101 
110 
III 


10 
30 
50 
70 


11 


12 


13 


14 


15 


16 
GENERAL PURPOSE 
17 
REGISTER FILE 


1S 


19 


lA 


lB 


lC 


10 
BANKO 
BANK 1 
BANK 2 
BANK 3 
IE 


IF 
3F 
5F 
7F 


6543210 


STACK 2 


5 4 
321 
0 


~ 
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R: 
(pROGRAM 
COUNTER) 


INSTz 


'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~' 
I 
I 
, 
I 
, 
I 
I 
I 
I 


f'C.l 
PC 
« 
PC.1 
PC+2 
I 
PC+3 
PC+4 
PC+S 
PC+6 


IIlY>/WFRTCC 
: 
MOVF 
RTCC, 
W 
MOVF 
RTCC. 
W 
: MOVFRTCC,W 
MOVFRTCC.W 
MOVFRTCC,W 


AI" 
RT+ 1 
RT+2 
NRT 
NRT 
NAT., 
NAT +2 
NRT +3 c: 


t 
t 
t 
t 
t 


WriteRTCC 
Read RTCC 
ReadRTCC 
, ReadRTCC 
Read RTCC 
ReadRTCC 


execul:ed 
reads NRT 
reads NRT 
reads 
NAT + 1 
reads NAT +2 
, 
reads 
NRT 
+ 3 


R: 
(PROGRAM 
COUNTER) 


INST= 


'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~' 
, 
, 
I 
I 
I 
, 
t 
I 
I 


( 
PC1 
I 
PC 
PC., 
PC+2 
I 
PC+3 
I 
PC.. 
I 
PC+S 
PC+6 


I 
I 
MOVWF 
RTCC 
MOVF 
RTCC, W 
MOVF 
RTCC. W 
I 
MOVF 
RTCC, W 
: 
MQVF 
RTCC. W 
I 
MOVF 
RTCC. W 
: 


:::=::::EiArC:X::::===R[T[+t:1L:=:;===:X:::::::::;====::::::::;::::::BN[RTC=:::::::;:====::::::;:::==J.:::;:=~N'!iRj'jT::;+::J1C:~ 


t 
t 


EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) 
, 


INCREMENT RTCC (04) 


RTCC 


Notes: 


1. 
Delay from clock input change to RTCC increment is 3tose to ltose. (Duration of a = tose). 
Therefore. the errOl in measuring the interval between two edges on RTCC input = ± 4tose max. 


2. 
External clock ~ no presealer selected, Prescaler output otherwise. 


a 
The arrows indicate the points in time where sampling occurs. 
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4.3 
Program Counter 


The program counter generates the addresses for on- 
chip EPROM containing the program instruction words 
(Figure 4.5). 


The program counter is set to all '1's 
upon a RESET 
condition. 
During 
program 
execution, 
it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) 
GOTO instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0». 
The 
upper two bits of PC (PC<10:9» 
are loaded with 
page select bits PA1, PAO(bits 6,5 status register). 
Thus GOTO permits jumping to any location on any 
page. 


b) 
CALL instructions load the lower 8-bits of the PC 
directly while the 9-bits is cleared to '0". The PCvalue, 
incremented by one, will be pushed into the stack. 
The upper two bits of PC (PC<10:9» are loaded with 
Page Select bits PA1, PAO(STATUS <6:5». 
c) 
RETLW instructions load the program counter with 
the top of stack contents. 
d) 
If the PC is the destination in any instruction (e.g. 


MOVWF PC. 
ADDWF pc. or BSF 
PC. 5). then the 
computed 8-bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will be 
cleared. PC<10:9> will be loaded with Page Select 
bits PA1, PAO (STATUS <6:5». 


It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL 
instruction or any instruction which 
writes to the PC (e.g. MOVWF pc), all subroutine calls or 
computed jumps are limited to the first 256 locations of 
any program memory page (512 words long). 


Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in 
the STATUS register will not be changed and the next 
GOTO, CALL. 
ADDWF PC, MOVWF PC instruction will retum 
to the previous page unless the page pre-select bits 
have been updated under program control. 
For ex- 
ample, a NOP at location "1FF" (page 0) increments the 
PC to "200' (page 1).A 'GOTO xxx" at "200' will retum the 
program to address "xxx" on page "0" (assuming that the 
page preselect bits in The STATUS register are "0"). 


Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a GOTO instruction at this location will 
automatically cause the program to continue in page O. 


4.4~ 


The PIC16C58A employs a two-level hardware push! 
pop stack (Figure 4.5). 


The 
CALL 
instruction 
pushes the current program 
counter value, incremented by "1", into stack level 1. 
Stack level 1 is automatically pushed to level 2. If more 
than 2 subsequent "CALL"S are executed, only the most 
recent two return addresses are stored. 


The page preselect bits of the STATUS register will be 
loaded into the most significant bits of the program 
counter. The ninth bit is always cleared to "0' upon a 
CALL instruction. This means that subroutine entry ad- 
dresses have to be located always within the lower half 
of a memorypage (addressesOOO-OFF,200-2FF,4OO-4FF, 
600-6FF). However, as the stack has the same width as 
the PC, subroutines can be called from anywhere in the 
program. 


The RETLW instruction loads the contents of the stack 
level 1 into the program counter while stack level 2 gets 
copied into level 1. If more than 2 subsequent "RETLw"S 
are executed, the stack will be filled with the address 
previously stored in level 2. The return will be always to 
the page from where the subroutine was called, regard- 
less of the current setting of the page pre-select bits in 
the STATUS register. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen- 
tation of "data" tables within the program memory. 


4.5 Status Word Register 


This register contains the arithmetic status of the ALU, 
the RESET status and page preselect bits for program 
memory. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 
set after the write. Furthermore, TO and PD bits are not 
writable. 
Therefore, 
the result of an instruction with 
status register as destination 
may be different than 
intended. For exa~e, 
CLRF 
STATUS will clear all bits 
except for TO and PD and then set the Z bit and leave 
status register as OOOUU100(where U = unchanged). 


It is recommended, therefore, that only BCF. 
BSF and 
MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 


For other instructions, 
affecting any status bits, see 
section 
'Instruction Set Summary' (Table 10.1). 
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4.5.1 
CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 


The carry bit (C) is a carry out in addition operation 
(ADDWF)and a borrow out in subtract operation (SUBWF). 


It is also affected by RRF 
and RLF 
instructions. 
The 
following examples explain carry/borrow bit operation: 


clrf 
Oxlf 
movlw 
1 
subwf 
Oxlf 


;f (lfh)=0 
;wreg=l 
,f(lfh) 
=f(lfh)- 
wreg 
;=O-l=FFh 
;Carry=O: 
Result 
is 
negative 


;SUBWF Example 
#2 
movlw 
OxFF 


movwf 
OxlF 
clrw 
subwf 
OxlF 


;f(OxlF)=FFh 
;wreg=O 
;f (OxlF)=f (OxlF)- wreg 
;=FFh-O=FFh 
;Carry=l:Result 
is 
positive 


The digit carry operates in the same way as the carry bit, 
Le. it is a borrow in a subtract operation. 


FIGURE 4.5 - PROGRAM MEMORY 
ORGANIZATION 


GOTO, CALL. INST WITH PC AS 
DESTINATION 
- FROM STATUS<6> 


GOTO, CALL. INST WITH PC AS 
DESTINATION 
- FROM STATUS<5> 


GOTO - DIRECT FROM 
INSTRUCTION 
WORD 
CALL. INST WITH PC AS 
DESTINATION· 
ALWAYS"o- 


GOTO, CALL· 
DIRECT FROM 


INSTRUCTION 
WORD 
INST WITH PC AS 
DESTINATION 
- FROM ALU 


RETLW, 
CALL 


" 
BIT 
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RESET CONDITION: 
PA2,PA 1, PAOcleared to '0'. 
TO, PO are set or reset as shown in Table 4.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRYIBORROW 
BIT: 
For AOOWF and SUBWF instructions, this M is set il there is a 
carry omlrom the most signfficant bi101 the resui1ant. 
Note 
that 
a subtraction 
is executed 
by adding 
the 
two's 
complement 
01 the second operand. 
For rotate (RRF, RLF) 


instructions, this bit is loaded with ei1herthe high or low order bi1 
01 the source register. 


DIGIT CARRYIBORROW 
BIT: 
For AOOWF and SUBWF instructions, this bit is set ilthere 
is a 


carry outlrom the lourth low order bit 01 the resui1ant. 


ZERO BIT: 
Set ff the resui101 an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Sat to "1" during power up or by a CLRWOT command. 
This bit 


is reset to "0" by a SLEEP instruction. 


TIME-OUT BIT: 
Set to "1" during power-up 
and by the CLRWOT and SLEEP 


command. This bit is reset to "0" by a Watchdog TImer time om. 


PAGE PRESELECTS BITS: 
00 Page 0 (000 - 1FF) 
01 Page 1 (200 - 3FF) 
10 Page 2 (400 - 5FF) 
11 Page 3 (600 - 7FF) 


BIT 7: 
General purpose readlwrite bi1 
(reserved lor Iu1ure use) 
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PIC16C58A 
The TO and PO bits in the status register can be tested 
to determine if a RESET condition has been caused by 
a Watchdog Timer time-out, a power-up condition, or a 
wake-up from SLEEP by the Watchdog Timer or MCLR 
pin. 


These status bits are only affected by events listed in 
Table 4.1. 


TABLE 4.1 - EVENTS AFFECTING porro 
STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 
WDTTimeout 
0 
X 
No effect on PD 
SLEEP instruction 
1 
0 
CLRWDT instruction 
1 
1 


Note: 
A WOTtime-out 
will occurregardless 
ot the status olthe TO 
bit. A SLEEP 
instruction 
will be executed, 
regardle~f 
the 
status of the PO b~. Table 4.2 reflects the status of PO and 
TO after the corresponding 
event. 


- 
- 


RESET was caused by 
TO 
PO 


0 
0 
WDT wake-up from SLEEP 


0 
1 
WDT time-out (not during SLEEP) 


1 
0 
MCLR wake-up from SLEEP 


1 
1 
Power-up 
-- 


U 
U 
Low pulse on MCLR input 


Note: 
The PO and TO ~ 
maintain 
their status (U) until an event 
of Table 4.1 occurs. 
A low pulse on the MeLR 
input does 
not change 
the PO and TO status bits. 


address 
bits PA<1:0> and are used to preselect a 


program memory page. When executing aGOTO, CALL, 
or an instruction with PC as destination (e.g. MOVWFpc), 
PA<1 :0> are loaded into bit A<10:9> of the program 
counter, selecting one of the available program memory 
pages. The direct address specified in the instruction is 
only valid within this particular memory page. 


RETLWinstructions do not change the page preselect 
bits. 


Upon a RESET condition, PA<2:0> are cleared to "O·s. 


4.6 File select Register (FSR) 


Bits 0-4 select one of the 32 available file registers inthe 
indirect addressing mode (that is, calling for the INDF 
register in any of the file oriented instructions). 


Bit 7 of the FSR is read-only and is always read as a 
·one-, 


If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


Bits 5 and 6 of the FSR select the current data memory 
bank (Figure 4.2). 


The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSR (in case 
of indirect addressing) is "0·, or bit 4 of the direct 
file 


register address of the currently executing instruction is 
"0· (e.g. MOVWFDATAMEM). 


Only if bit 4 in the above mentioned cases is "1·, bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 


Bit 7 is read-only and is always read as "one." 
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The I/O registers can be written and read under program 
control like any other register of the register file. How- 
ever, 'read' 
instructions (e.g. MOVF PORTB, w) always 


read the I/O pins, regardless if a pin is defined as 'input' 
or 'output.' 
Upon a RESET condition, all I/O ports are 


defined as 'input' (= high impedance mode) as the I/O 
control registers (TRISA, TRISB) are all set to 'ones.' 


The execution of a 'TRIS 
f' instruction with correspond- 
ing 'zeros' 
in the W-register is necessary to define any 


of the I/O pins as output. 


PORTA is a 4-bit I/O register. Only the low order 4 bits 
are used (RAO- RA3). Bits 4 - 7 are unimplemented and 
read as 'zeros.' 


5.2 
PORTB 


PORTB is an 8-bit I/O register. 


FIGURE 5.1 • EQUIVALENT CIRCUIT FOR A 
SINGLE I/O PIN 


FROM 
D 
a 
Voo 


DATA BUS 
DATA 
LATCH 


"WRITE' 
Q 


TO DATA 
BUS 


'READ' 


a 


PIC16C58A 


5.3 
I/O Interfacing 


The equivalent circuit for an I/O port bit is shown in 
Figure 5.1. 
All ports may be used for both input and 


output operations. For input operations, these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, 
w). The outputs are 


latched and remain unchanged until the output latch is 
rewritten. To use a port pin as output, the corresponding 
direction control bit (in TRISA, TRISB, TRISC) must be 
set to zero. For use as an input, the corresponding TRIS 
bit must be 'one'. 
Any I/O pin can be programmed 


individually as input or output. 


5.4 I/O Programming Considerations 


5.4.1 BIDIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF 
and BSF 
instructions, for 


example, read the entire port into the CPU, execute the 
bit operation and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data lat~h of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a '0' or '1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or', 
'wired-and'). 


The resulting high output currents may damage the chip. 
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54.2 
SUCCESSIVE 
OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning 
of the instruction 
cycle 
(see 
Figure 5.2). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should allow the 
pin voltage to stabilize (load dependent) before the next 
instruction which causes that file to be read into the CPU 
is executed. Otherwise, the previous state of that pin 
may be read into the CPU rather than the new state. 
When in doubt, it is better to separate these instructions 
with a NOP or an other instruction not accessing this 
I/O port. 


f20h - f2Fh: 
f30h - f3Fh: 


f40h - f4Fh: 
f50h - f5Fh: 


f60h - f6Fh: 
f70h - f7Fh: 


general purpose register files which are 
always selected, independent of bank 
select 
general purpose register files in memory 
bank 0 
physically identical to too - fOF 
general purpose register files in memory 
bank 1 
physically identical to foo - fOF 
general purpose register files in memory 
bank 2 
physically identical to fOO- fOF 
general purpose register files in memory 
bank 3 


:~I~I~I~:~I~I~I~:~I~I~I~:~I~I~I~: 


Fe ~ 
Fe 
X 
PC+l 
X 
PC+2 
X 
PC+3 
Instruction 
'MOVWF 
PORTS 
'MOVF 
PORTS, W 'NOP 
NOP 
fetched' 
Write to 
'Read 
PORTS 
PORTS 


This example shows write to 
port 
B followed 
by a read 


from 
port B. 
Note that the 


data setup time; 
(0.25 TCY 
- 
TPD) 
where 
TCY 
; 


instruction cycle. 
Therefore, 


at higher clock frequencies, 
write 
followed 
by 
a 
read 


may be problematic. 


RB(7:0) 
~: 
-----_~ 


, 
:,'T Port pin 
, 
, 


, 
, 
sampled here I 
~ 
...- 


Execute 
,Tro 
Execute 
MOVWF PORTS 
' MOVF PORTS, W' 
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7.4 OPTION 
PrescalerlRTCC Option 
Register 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is 'write-only' 
and is 6-bits wide. 


By executing the 'OPTION' 
instruction, the contents of 
the ·W· register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
·ones.' 


7.1 W 
Working Register 


Holds second operand in two operand instructions and! 
or supports the internal data transfer. 


7.2 IB.!.SA 
VO Control Register For 
PORTA 


Only bits 0 - 3 are available. PORT A is only 4-bits wide. 


7.3 TRISB 
I/O Control Register For 
PORTB 
Figure 7.1 show the bit descriptions for the OPTION 
register. This register is write only. 


The 1/0 control register will be loaded with the content of 
the W register by executing 
of the TRIS 
PORT 
B 
instruction. 
A '1' 
in the 1/0 control register puts the 
corresponding 
1/0 pin into a high impedance (input) 
mode. A '0' puts the contents of file register PORTB out 
on the selected 1/0 pins. 


This register is 'write-only' 
and is set to all 'ones' upon 
a RESET condition. 


PRESCALER 
VALUE 
RTCC RATE 
WDTRATE 


0 
0 
0 
1 : 2 
1: 
1 
0 
0 
1 
1 : 4 
1 : 2 
0 
1 
0 
1 : 8 
1 : 4 
0 
1 
1 
1 : 16 
1 : 8 
1 
0 
0 
1 : 32 
1 : 16 
1 
0 
1 
1 : 64 
1 : 32 
1 
1 
0 
1 : 128 
1 : 64 
1 
1 
1 
1 : 256 
1 : 128 


PRESCALER ASSIGNMENT BIT: 
0 
RTCC 
1 
WDT 


RTCC SIGNAL EDGE: 
0 
INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1 
INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 
0 
INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1 
TRANSITION ON RTCC PIN 
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A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input "low" or by 
a Watchdog 
Timer timeout. The device will stay in 
RESET as long as the oscillator start-up timer (OST) is 
active or the MCLR input is "low." 


The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be ~ 
This implies that in 
case of Power-On Reset with MCLR tied to Voo the OST 
starts from power-up. 
In case of WOT time-out, it will 
start at the end of the timeout (since MCLR is high). In 
case of MCLR reset, the OSTwill start when MCLR goes 
high. The nominal OST timeout period is 18ms. 
See 
Section 13.0 for detailed information on OST and Power- 
On Reset. 


•.••.••..••••• 
~ ••••I '~_L.. 
I 
••••• 
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is defined as : 


The oscillator is running or will be started (power- 
up or wake-up from SLEEP). 


All 1/0 port pins (RAO- RA3 and RBO- RB7) are put 
into the high-impedance state by setting the "TRIS" 
registers to all "ones" (= input mode). 


The Program Counter is set to all "ones" (7FFh). 


The OPTION register is set to all "ones". 


The Watchdog Timer and its prescaler are cleared. 


The upper-three bits (page select bits) in the 
STATUS Register are cleared to "zero." 


"RC" mode only: The "CLKOUT" 
signal on the 


OSC2 pin is held at a"low" level. 


Register 
Address 
• Power-on 
Reset 
• MCLR Reset during: 
• 
Wake up from 
SLEEP 
• normal 
operation 
through 
WOT timeout 


-SLEEP 
• WOT timeout 
during 
normal 
operation 


W 
- 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu uuuu 


OPTION 
- 
0011 
1111 
0011 
1111 
0011 
1111 


INDF 
OOh 
- 
- 
- 


RTCC 
01h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


PC 
02h 
OOOh 
OOOh 
PC + 1 


STATUS 
03h 
0001 
1xxx 
000? 
?uuu 
uuu? 
?uuu 


FSR 
04h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


PORTA 
05h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


PORTS 
06h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


~U'®o 
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An 8-bit counter is available 
as a prescalerfor 
the RTCC, 
or as a post-scaler 
for the Watchdog 
Timer, respectively 


(Figure 9.1). For simplicity, 
this counter 
is being referred 


to as 'prescaler' 
throughout 
this data sheet. Note that 


there is only one prescaler 
available 
which is mutually 


exclusively 
shared 
between 
the RTCC and the Watch- 


dog Timer. 
Thus, a prescaler 
assignment 
for the RTCC 


means 
that 
there 
is no prescaler 
for the Watchdog 
Timer, and vice-versa. 


The 
PSA and 
PSO-PS2 
bits in the OPTION 
register 


determine 
the prescaler 
assignment 
and pre-scale 
ratio. 
When assigned 
to the RTCC, all instructions 
writing 
to 


the RTCC 
(e.g. CLRF 
RTCC, 
MOVWF RTCC, 
BSF 


RTCC, x ....etc.) will clear the prescaler. 
When assigned 


to WOT, a CLRWDT instruction 
will clear the prescaler 


along with the Watchdog 
Timer. 


9.1 Switching Prescaler Assignment 


CHANGING 
PRESCALER 
FROM RTCC TO WOT 


The prescaler 
assignment 
is fully under software 
con- 


trol, i.e., it can be changed 
'on the fly' during program 


execution. 
To avoid an unintended 
device RESET, the 


following 
instruction 
sequence 
must be executed 
when 


changing the prescaler 
assignment 
from RTCC to WOT: 


1. MOVLW B'xxOxOxxx' 
2. OPTION 


3. CLRF1 
4. MOVLW B'xxxxlxxx' 


5. OPTION 


6. CLRWOT 


[ 
7. 
MOVLW B'xxxxlxxx' 


8. OPTION 


; Selectinternaldockandselectnew 


; prescalervalue. If newprescalevalue 


; is = '000' or '001', thenselectanyother 


; prescalevaluetemporarily. 


; ClearRTCCand~. 
; SelectWDT,do notchangeprescale 
; value. 


; ClearsWDTand~. 
; Selectnewprescalevalue. 


Steps 
1 and 2 are only required 
if an ex1ernal RTCC 


source is used. 
Steps 7 and 8 are necessary 
only if the 


desired 
prescale 
value is '000' or '001'. 


To change prescaler 
from WOT to RTCC use the follow- 
ing sequence: 


1. CLRWDT 
2. MOVLW 


WATCH 
DOG 
TIMER 


; ClearWDTand~ 


B'xxxxOxxx' 
; SelectRTCC,newprescalevalue 
; andclocksource 


SYNC 
2 
CYCLES 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 
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10.0 
BASIC INSTRUCTION 
SET 
SUMMARY 


Each instruction isa 12-bitword divided into an OPCODE 
which specifies the instruction type and one or more 
operands 
which further specify the operation 
of the 


instruction. The Instruction Set Summary in Table 10.1 
lists byte-<>riented,bit-<>riented,and literal and control 
operations. 


For byte-<>rientedinstructions, 'f' represents a file regis- 
ter designator and 'd' represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 


For bit-<>rientedinstructions, 'b' 
represents a bit field 


designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an eight 
or nine bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 J.lSec.If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 Ilsec. 


Notes to Table 10.1 


Note 1: The ninth bit of the program counter will be 


forced to a 'zero' by any instruction that writes 
to the PC exceptfor GOTO(e.g. CALL, 
MOVWF 


PC etc.). See section 4.3 for details. 


Note 2: When an 1/0 register is modified as a function of 


itself (e.g.MoVF PORTB,1),thevalueusedwill 
be that value present on the pins themselves. 
For example, if the data latch is '1' for a pin 
configured as output and is driven low by an 
external device, the data will be written back 
with a '0'. 
Note 3: The instruction 'TRIS 
f', where f = PORTA, 


PORTS, or PORTC causes the contents of the 
W registerto be written to the three-state latches 
of the specified file (port). A 'one' forces the pin 
to a high impedance state and disables the 
output buffers. 
Note 4: 
If this instruction is executed on The RTCC 
register (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 
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(11-6) 
(5) 
(4 - 0) 
BYTE-ORIENTED FILE REGISTER OPERATIONS 
I 
OPCODE 
~ 
f(FILE 
#) 
I 


d = 0 for destination 
W 


d = 1 for destination 
f 


Instrucllon-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operallon 
Status Affected 
Notes 


0001 
11df 
ffff 
1Cf 
Add Wand f 
AOOWF 
f, d 
W+f-.7d 
C,DC,Z 
1,2,4 


0001 
01df 
ffff 
14f 
AND Wand f 
ANDWF 
f, d 
W&f-.7d 
Z 
2,4 


0000 
011f 
ffff 
06f 
Clear f 
ClRF 
I 
O-.7f 
Z 
4 
0000 
0100 
0000 
040 
ClearW 
ClRW 
- 
O-.7W 
Z 


0010 
01df 
ffff 
24f 
Complement f 
COMF 
I, d 
f -.7 d 
Z 
2,4 
0000 
11df 
ffff 
OCf 
Decrement f 
DECF 
f, d 
f -1 -.7 d 
Z 
2,4 


0010 
11df 
ffff 
2Cf 
Decrement f,Skip if Zero 
DECFSZ 
f, d 
1- 1 -.7 d, skip if zero 
None 
2,4 


0010 
10df 
ffff 
28f 
Increment f 
INCF 
f, d 
1+ l-.7d 
Z 
2,4 


001111df 
ffff 
3Cf 
Increment I,Skip if zero 
INCFSZ 
f, d 
1+ 1 -.7 d, skip il zero 
None 
2,4 
0001 
OOdf 
ffff 
10f 
Inclusive OR Wand f 
IORWF 
I, d 
Wvf-.7d 
Z 
2,4 


0010 
OOdf 
ffff 
20f 
Move I 
MOVF 
I, d 
1-.7 d 
Z 
2,4 


0000 
OOlf 
ffff 
02f 
MoveWtol 
MOVWF 
f 
W-.7f 
None 
1,4 


0000 
0000 
0000 
000 
No Operation 
NOP 
- 
- 
None 
0011 
01df 
ffff 
34f 
Rotate left f 
RlF 
I, d 
I(n) -.7 d(n+ 1), C -.7 d(O), f(7) -.7 C 
C 
2,4 


0011 
OOdf 
ffff 
30f 
Rotate right I 
RRF 
f, d 
f(n) -.7 d(n-1), C -.7 d(7), f(O) -.7 C 
C 
2,4 


0000 
10df 
ffff 
08f 
Subtract W from I 
SUBWF 
I, d 
f - W -.7 d [I + W + 1 -.7 d] 
C,DC,Z 
1,2,4 
0011 
10df 
ffff 
38f 
Swap halves I 
SWAPF 
I, d 
f(0-3) H 1(4-7) -.7 d 
None 
2,4 
0001 
10df 
ffff 
18f 
Exclusive OR Wand I 
XORWF 
I, d 
Wffi 
f-.7d 
Z 
2,4 


(11-8) 
(7-5) 
(4 - 0) 
BIT-ORIENTED FILE REGISTER OPERATIONS 
I 
OPCODE 
I b(BIT#) I 
f(FILE#) 
I 


Instrucllon-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operallon 
Status Affected 
Notes 


0100 bbbf 
ffff 
4bf 
Bit Clear I 
BCF 
I, b 
0-.7 I(b) 
None 
2,4 


0101 bbbf 
ffff 
5bf 
Bit Set I 
BSF 
I, b 
1 -.7 I(b) 
None 
2,4 
0110 bbbf 
ffff 
6bf 
Bit Test f,Skip il Clear 
BTFSC 
f, b 
Test bit (b) in lile (I): Skip il clear 
None 
0111 bbbf 
ffff 
7bf 
Bit Test f, Skip il Set 
BTFSS 
f, b 
Test bit (b) in lile (I): Skip il set 
None 


(11-8) 
(7- 
0) 
LITERAL AND CONTROL OPERATIONS 
I 
OPCODE 
I 
k (LITERAL) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


1110 kkkk 
kkkk 
Ekk 
AND Literal and W 
ANDlW 
k 
k& W-.7W 
Z 
1001 kkkk 
kkkk 
9kk 
Call subroutine 
CAll 
k 
PC + 1 -.7 Stack, k -.7 PC 
None 
1 


0000 
0000 
0100 
004 
Clear Watchdog Timer 
ClRWDT 
- 
o -.7 WDT (and prescaler, if assigned) 
TQ.II5[j 


101k kkkk 
kkkk 
Akk 
Go To address (k is 9 bit) 
GOTO 
k 
k -.7 PC (9 bits) 
None 
1101 kkkk 
kkkk 
Dkk 
Incl. OR Literal and W 
10RlW 
k 
kvW-.7W 
Z 
1100 kkkk 
kkkk 
Ckk 
Move Literal to W 
MOVlW 
k 
k-.7W 
None 
0000 
0000 
0010 
002 
Load OPTION register 
OPTION 
- 
W -.7 OPTION register 
None 
1000 
kkkk 
kkkk 
8kk 
Return,place Literal in W 
RETlW 
k 
k -.7 W, Stack -.7 PC 
None 


0000 
0000 
0011 
003 
Go into standby mode 
SLEEP 
- 
o -.7 WDT, stop oscillator 
1'OIPO 


0000 
0000 
Offf 
OOf 
Three-state port I 
TRIS 
1 
W-.7 I/O control register I 
None 
3 
1111 
kkkk 
kkkk 
Fkk 
Excl. OR Literal and W 
XORlW 
k 
kffiW-.7W 
Z 
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TheWatchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/0SC2 
pins of the device has 


been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. 
The WDT can be permanently disabled by 


programming the WDTE EPROM fuse (to zero). 


11.1 WOT Period 


The WDT has a nominal timeout period of 18ms, (with no 
prescaler). The timeout periods vary with temperature, 
Voo and process variations from part to part (see DC 
specs). 
If longer timeout periods are desired, a pres- 


caler with a division ratio of up to 1:128 can be assigned 
to the WDT under software control by writing to the 
OPTION register. Thus, timeout periods up to 2.5 sec- 
onds can be realized. 


The CLRWDT and SLEEP 
instructions clear the WDT and 


the prescaler count, if assigned to the WDT, and prevent 
it from timing out and generating 
a device RESET 


condition. 


The status bit TO in the STATUS register will be cleared 
upon a Watchdog Timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 


11.2 WOT Programming Considerations 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.1 Oscillator Types 


The PIC16C58A series is available with four different 
oscillator options. The two OT1:OTO EPROM fuses in 
the configuaration word select one of these four modes. 


12.2 Crystal Oscillator 


The PIC16C58Acrystal 
options (XT, HS, or LP) need a 


crystal or ceramic resonator connected to the OSC1 and 
OSC2 pins to establish oscillation (Figure 12.1). 
XT = 


Standard crystal oscillator, 
HS = High speed crystal 


oscillator. The series resistor RS may be required for the 
'HS' oscillator, especially at lower than 20 MHz oscilla- 
tion frequency. 
It may also be required in XT mode with 


AT strip-<:uttype crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing 
insensitive 
applications, 
the 'RC' 
device 


option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values, and the operation 


temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, 
especially for low Cext values. 


The user also needs to take into account variation due 
to tolerance of external Rand 
C components 
used. 


Figure 12.3 shows how the RlC combination 
is con- 


nected 
to the PIC16C58A. 
For Rext values 
below 
2.2kOhm, the oscillator operation may become unstable 
or stop completely. 
For very high Rext values (e.g. 


1MOhm), the oscillator 
becomes sensitive 
to noise, 


humidity and leakage. 
Thus, we recommend to keep 


Rext between 3kOhm and 100kOhm. 


Although 
the oscillator will operate with no external 


capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, 
the oscillation frequency 


can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. 
The 


variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18.0 for variation of oscil- 
lator frequency due to Voo for given RextlCext values as 
well as frequency variation due to operating temperature 
for given R, C and Voovalues. 


The oscillator frequency, divided by 4, is available on the 
OSC2ICLKOUT 
pin and can be used for test purposes 


or to synchronize other logic (see Figure 2.2 for timing). 
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Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. 
Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. 
Since each crystaV 
ceramic resonator has its own characteristics, the user 
should consult the crystal manufacturer for appropriate 
values of external components. 


TABLE 12.1 - 
CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 
Type 
Frequency 
C1 = C2 


XT 
455 KHz 
150-330 pF 
2.0 MHz 
20-330 pF 
4.0 MHz 
20-330 of 
HS 
8.0 MHz 
20-200 pF 


Note: 
The capacitor values may change after characterization 
of the device. 
These 
values 
should 
be considered 
design targets. 


FIGURE 12.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 


As may be required in HS and XT modes for AT 
strip-cut crystals to avoid overdriving. 
See Tables 
12.1 and 12.2 for recommended 
valuesofC1, 
C2 
per oscillator type and frequency. 


FIGURE 12.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 


TABLE 12.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 


Osc 
Freq 
C1 
C2 
Type 


LP 
32 KHz 
15 pF 
15 pF 
XT 
100 KHz 
15-30 pF 
200-300 pF 
200 KHz 
15-30 pF 
100-200 pF 
455 KHz 
15-30 pF 
15-100 pF 
1 MHz 
15-30 pF 
15-30 pF 
2MHz 
15 pF 
15 pF 
4 MHz 
15 of 
15 of 
HS 
4 MHz 
15 pF 
15 pF 
8 MHz 
15 pF 
15 pF 
20 MHz 
15 pF 
15 pF 


Note: 
The capacitor values may change aftercharacterization 
of the device. 
These 
values 
should 
be considered 
design targets. 


FIGURE 12.3 - RC OSCILLATOR 
(RC TYPE ONLY) 


CextI 
Vss -= 
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Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
extemal RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 


The OST will also be triggered upon a Watchdog Timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16C58A from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 


13.1 Power-On Reset (PORl 


The PIC16C58A 
incorporates 
an on-chip Power-0n 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. 
To use this feature the 
user merely needs to tie MCLR pin to Voo. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up the reset latch is set and the start-up timer 
(see Figure 13.4) is reset. 
The start-up timer begins 
counting once it detects MCLR to be high. Afterthe time- 
out period, which is typically 18ms, it will clear the reset- 
latch and thus end the on-chip reset signal. 


Figures 13.5 and 13.6 are two power-up situations with 
relatively fast rise time on Voo. 
In Figure 13.5, voo is 
allowed to rise and stabilize before bringing MCLR high. 
The chip will actually come out of reset tOSTms after 
MCLR goes high. In Figure 13.1.6, the on-chip Power- 
On Reset feature is being utilized (MCLR and Voo are 
tied together). 
The Voo is stable before the start-up 
timer times out and there is no problem in getting a 
proper reset. Figure 13.7 depicts a potentially problem- 
atic situation where voo rises too slowly. 
In this situa- 


tion, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip istherefore not 
guaranteed to function correctly. 


To summarize, the on-Chip Power-On Reset is guaran- 
teed to work if the rate of rise of Voo is no slower than 
0.05 Vlms. It is also necessary that the Voo starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 


Notes: 
1. Externalpoweron resetcircuitis requiredonly if VOD 


power-upslopeis too slowor if a lowfrequencycrystal 
oscillatoris beingusedthat needsa longstart-uptime. 
The diode 0 helps discharge the capacitor quickly 
whenVDO powersdown. 


2. 
R < 40 Kn mustbeobservedto makesurethatvo~age 
drop across R does not exceed0.2 V (max leakage 
currentspec on MClR pin is~. 
A largervo~age 


dropwilldegradeVIHlevelon MClR pin. 


3. Rl= 
1000 to lKO will limit any current flowing into 


MClR from externalcapacitorC in the eventof MClR 
pinbreakdowndueto ESDor EOS. 


FIGURE 13.2 - 
BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This circuit will activateresetwhenvoo goes below 


rJz + 0.7 V) whereVz = Zenervo~age. 


FIGURE 13.3 - 
BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This brown circuit is less expensive, albeit less 


accurate. 
Transistor 01 turns off when voo 
is 


belowa certainlevelsuchthat: 


VOOo __ 
R_1_ =0.7V. 


Rl +R2 
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When Voo rises slowly, the intemal time-out 
period expires long before Voo 
has reached its final 


value. 
In this example, the chip will reset property if, and only if, V1~ VOOMIN. 
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The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the WatchdogTimerwili 
be cleared but keeps 
running, the bit PD inthe STATUS register iscleared, the 
TO bit is set and the oscillator driver is tumed off. The 
1/0 ports maintain the status they had before the SLEEP 
command was executed (driving high,low, or hi-imped- 
ance). 


For lowest current consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no extemal circuitry 
drawing current from the 1/0 pin. I/O pins that are in the 
High-impedance 
mode should be pulled high or low 
extemally to avoid switching currents caused by floating 
inputs. The RTCC input should also be at Voo or Vss for 
lowest current consumption. 


The MCLR pin must be at Voo. 


14.1 wake-Up 


The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an extemally applied 'Iow' 
pulse at the MCLR pin. In both cases, the PIC16C58A 
will stay in RESET mode for one Oscillator Start-up 
Ttimer period (triggered from rising edge on MCLR or 
WDT timeout) 
before normal program execution 
re- 
sumes. 


The PD bit in the STATUS register, which is set to one 
during power on , but cleared by the SLEEP command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 4.2). 
The TO bit in the STATUS register can be used to 
determine, if the 'wake up' was caused by an extemal 
MCLR signal or a Watchdog Timer timeout. 


NOTE: Some applications 
may require extemal 
RlC 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC16C58A will be in RESET only for the Oscillator 
Start-up Timer period. 


The configuration 
EPROM consists of four EPROM 
fuses. 


Two are for the selection of the oscillator type, one is the 
watchdog timer enable fuse and one is the code protec- 
tion fuse. 


bOO 


OT<1:0>: 
asc selection 
fuses. 


11 : RC oscillator 


10: HS oscillator 
01 : XT oscillator 


00 : LP oscillator 
WDTE:WOTenable fuse. 


1 = WOTenabled 
o = WOTdisabled 


CP: 
Code protection 
fuse. 


1: Code protection 
off 


0: All memory 
is code 


protected 


Unimplemented. 


15.1 Customer 10 Code 


The PIC16C58A series has 16 special EPROM bits 
which are not part of the normal program memory. 
These bits are available to the user to store an Identifier 
(ID) code, checksum, or other informative data. They 
cannot be accessed during normal program execution. 


15.2 Code Protection 


The program code written into the EPROM can be 
protected by programming the code protection fuse with 
·0·. 


When code protected, the contents 
of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. 
In addition, all memory 
locations starting at 040h and above are protected 
against programming. 


It is still possible to program locations OOOh- 03Fh, the 
ID locations and the configuration fuses. 


Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 


15,2.1 VERIFYING A CODE-PROTECTED 
PART 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
·ooooooooxxxx· 
(binary) where X is 1 or O. To verify a 


device after code protection, follow this procedure: 


a. 
First, program and verify a good device without code 
protecting it. 


b. 
Next, write '0' to the code protection fuse and then 
load its contents in a file. 


c. 
Verify any code-protected 
PIC16C58A 
(With this 
program) against this file. 
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The PIC16C5X and PIC16CXX microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


PICMASTERTM Real-Time In-Circuit Emulator 


PRO MATETMUniversal Programmer 


PICSTARpM 
Low-Cost Prototype Programmer 


MPASM Assembler 


MPSIM Software Simulator 


16.2 
PICMASTERTM;High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all 
new 
PIC16C5X, 


PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on low-<:ost 
PC-<:ompatible machines ranging from 286-ApM class 
ISA bus systems through the new 486 EISA-bus ma- 
chines. 
The 
development 
software 
runs 
in the 
Microsoft WindowS- 3.X environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation 
system with advanced 
features 
generally 


found on more expensive development tools. 
The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you, the end user. 


Common 
Interface Card 
PC Compatible 
Computer 


(ATI1SA Bus) (for Industry Standard Architecture) 


Host-Interface Card 


Emulator Control Pod 


• 
Target-Specific Emulator Probe 


PC Host Emulation Control Software 


The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running 
in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. 
DOE allows data to be dynamically trans- 
ferred between two or more Windows programs. 
With 


this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.X, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 


development of multi-microcontroller 
systems possible 


(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


16.3 PRO MATETM;Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer 
capable of operating in a stand 


alone mode as well as a PC-hosted mode. 


The PRO MATE has programmable Voo and VPP sup- 
plies which allows it to verily programmed memory 
at 


voo min and Voo max for maximum reliability. It has an 
LCD display for displaying error messages, 
keys to 


enter commands 
and a modular 
detachable 
socket 


assembly to support various package types. In stand 
alone mode the PRO MATE can read, verily or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set the fuse configuration and COde-protect in this 
mode. Its ROM memory holds data and parametric 
information even when powered down. It is ideal for low 
to moderate volume production. 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Voo min, Voo max and Vpp levels,load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular "programming socket 
module". 
Different socket modules are required for 
different processor types and/or package types. 
PRO 
MATE 
supports 
all 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX processors. 


16.4 PICSTARTTMprogrammer 


The PICSTART programmer is an easy to use, very low- 
cost prototype programmer. 
It connects to the PC via 
one of the COM (RS232) ports. 
A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface isfull-screen and menu- 
based. 


16.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports 
all 
microcontroller 
series 
including 
the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 
assembled code. 


• 
Macro Directives 
control the execution and data 
allocation within macro body definitions. 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
extemal stimulus to any of the pins. 
The inpuVoutput 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an intemal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


16.7 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed below: 


Item Name 
SYStemDescription 


1. 
PICMASTER PICMASTERIn-CircuitEmulatorwith 
System 
your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTART 
PICSTARTLow-CostPrototype 
System 
Programmer,Assembler,Software 
SimulatorandSamples 


16.8 
Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE-16A 
PICl6C54, 
4MHZ 
4.SV-S.SV 
PIC16CSS, 
PIC16CS6, 
and PIC16CS7 


PROBE -160 
PIC16C54, 
20 MHz 
4.SV-S.SV 
PIC16CSS, 
PIC16C56, 
PIC16CS7, 
and PIC16C58 
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17.1 Absolute Maximum Ratings· 


Ambient temperature under bias 
-SS·C to +12S'C 


Storage Temperature 
- 6S'C to +15O'C 
Voltage on any pin with respect to Vss 


(except Voo. MClR 
and RTCC) ... -o.6V to Voo +O.6V 
Voltage on Voo with respect to Vss 
0 to +7.S V 


Voltage on MClR 
and RTCC with respect 
to Vss ..........•............................................... 
0 to +14 V 
Total power Dissipation (Note 1) 
800 mW 
Max. Current out of Vss pin 
150 mA 
Max. Current into Voo pin 
100 mA 


Input Clamp Current, 11K (VI<Oor VI>VOO) 
±20 mA 
Output Clamp Current, 10K (Vo<O or Vo>Voo) ±20 mA 
Max. Output Current sinked by any I/O pin 
25 mA 
Max. Output Current sourced by any I/O pin 
20 mA 
Max. Output Current sourced by a single 
I/O port 
Port A 
50 mA 
Port B 
100 mA 
Max. Output Current sinked by a single 
I/O port 
Port A 
50 mA 
Port B 
100 mA 


'Notice: 
Stresses above those listed under'Maximum 
Ratings' 


may cause permanent damage to the device. 
This is a stress 


rating only and functional operation of the device at those or any 


other cond~ions above those indicated in the operation listings 


of this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 


Notes: 1. Total power dissipation should not exceed 800 


mW for the package. 
Power dissipation 
is 


calculated as follows: 
POIS=Voox(loo- 
LloH}+ L{(VOO-VOH)x IOH} 


+ L(VOL x IOL) 


Name 
Function 
Observation 


RAO- RA3 
I/O PORTA 
4 inout/outout lines. TTl inout buffers. 


RBO - RB7 
I/O PORTB 
8 inpuVoutput lines. TTl input buffers. 


RTCC 
Real Time Clock/Counter 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or voo if 
not in use to avoid unintended operation and to reduce 
current consumption. 


MaR 
Master Clear 
Schmitt Tri~ger Input. 
A 'low' 
vo age on this input generates a RESET condition. 


A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
inout must be tied directly. or via a pull-up resistor, to Voo. 


OSC1/ClKIN 
Oscillator (input) 
In 'XT', 
'HS' and 'lP' 
oscillator configuration: 
Input temninal 


for crystal, ceramic resonator, or external clock 
generator. 


In 'RC' oscillator configuration: 
Driver terminal for external 


RC combination to establish oscillation. 


OSC2/ClKOUT 
Oscillator (output) 
In 'XT', 
'HS' and 'lP' 
oscillator configuration: 
Output 


terminal for crystal and ceramic resonator. Do not connect 
any other load to this output. 
leave open if external clock 


generator is used. 
In 'RC' 
oscillator configuration: 
A 'ClKOUT' 
signal with a 


freauency of 1/4 Fosc1is put out on this pin. 
Voo 
Power supply 
Vss 
Ground 
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DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER SUPPLY PINS 
Operating temperature 
-40'C $ TA $ +85'C for industrial and 
O'C $ TA $ +70'C for co 
ercial 


Characteristic 
Sym 
Min 
Typ' 
Max 
Units 


Supply Voltage 
• 


Voo 
3.0 
6.25 
V 
RAM Data Retention 
VOR 
1.5 
V 
Voltage (Note 3) 
Voo start voltage 
to 
VPOR 
Vss 
guarantee 
power on reset 
VDD rise rate to guarantee 
Svoo 
0.05' 
power on reset 
Supply Current 
(Note 2) 


100 
XT and RC options 
Fosc= 4 MHz, Voo = S.SV 
LP option, Commercial 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 
LP option, Industrial 
!LA 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 
Power Down Current 
(Note 4) 
WDTenabled 
12 
I!A 
Voo = 3.0V, Commercial 
14 
I!A 
Voo = 3.0V, Industrial 
WDT disabled 
9 
I!A 
Voo = 3.0V, Commercial 
12 
I!A 
Voo = 3.0V, Industrial 


• These parameter 
0 
haracterization and are not tested. 
Note 1: 
Data i 
~Iu 
n 
eled 'Typical' 
is based on characterization 
results at 2S·C. This data is for design 
guidanc 
nly 
nd is not tested for, or guaranteed by Microchip Technology. 
Note 2: 
The supply 
rr 
t is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current 
consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 


OSC 1=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled 
as specified. 


b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 


Note 3: 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 


Note 5: 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
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PIC16C58A 


17.3 
DC CHARACTERISTICS: 
PIC16C58A-10 
PIC16C58A-20 
(COMMERCIAL, 
INDUSTRIAL) 


(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40·C S TA S +85·C for industrial and 
O·C S TA S +70·C for commercial 


Voo 
3.0 
4.5 
6.25 
V 
5.5 
V 
1.5 
V 


Vss 
V 


V/ms 


RAM Data Retention 
Voltage (Note 3) 
Voo start voltage to 
guarantee 
power on reset 
Voo rise rate to guarantee 
ower on reset 
Supply Current 
(Note 2) 
C options 
4 MHz, Voo = 5.5V 


S option 
osc= 10 MHz, Voo = 5.5V 


Fosc= 20 MHz, Voo = 5.5V 


Power Down Current 
(Note 4) 
WDTenabled 
Voo = 3.0V, Commercial 
Voo = 3.0V, Industrial 
Voo = 3.0V, Commercial 
Voo = 3.0V, Industrial 


• These parameters are base 
H 
ac 
ri 
ion and are not tested. 


Note 1: 
Data in the colu 
~e 
cal· is based on characterization 
results at 25·C. This data is for design 


guidance only 
d i~o 
st 
for, or guaranteed by Microchip Technology, 


Note 2: 
The suppl 
urre 
's 
'nly a function of the operating voltage and frequency. 
Other factors such as bus 


loading, 
sc~r 
s rate, internal code execution pattern, and temperature also have an impact on the 


current 
nsu 
tion. 


a) The test 
ndl' 
ns for all 100 measurements in active operation mode are: 


OSC1 =external square wave, from rail to rail; all I/O pins tristated, pulled to Voo, RT = Voo, MCl.R = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 


Note 3: 
This is the limit to which Voo can be lowered in SLEEP rnode without losing RAM data. 


Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Voo and Vss. 


Note 5: 
Does not include current through Rext, The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
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DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40'C :5:TA:5:+85'C for industrial and 
O'C:5:TA:5:+70'C for commercial 


Voo 
2.5 
6.25 
V 
4.5 
5.5 
V 
RAM Data Retention 
VOR 
1.5 
V 
Voltage (Note 3) 
Voo start voltage 
to 
VPOR 
Vss 
guarantee 
power on reset 
Voo rise rate to guarantee 
Svoo 
0.05' 
power on reset 
Supply Current 
(Note 2) 
XT and RC options 
Fosc= 4 MHz, Voo = 5.5V 
HS option 
Fosc= 4 MHz, Voo = 5.5V 
LP option, Commercial 
Fosc= 32 KHz, Voo = 2.5V, WDT disabled 
LP option, Industrial 
Fosc= 32 KHz, 
Voo = 2.5V, WDT disabled 
Power Down Current 
(Note 4) 
WDTenabled 
4 
12 
!1A 
Voo = 2.5V, Commercial 
5 
14 
!1A 
Voo = 2.5V, Industrial 
0.6 
9 
!1A 
voo = 2.5V, Commercial 
0.8 
12 
IlA 
Voo = 2.5V, Industrial 


Data in t e column labeled "Typical" is based on characterization 
results at 25·C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current 
consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 


OSC1 = extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCI.R = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


Note 3: 
Note 4: 
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17.5 
DC CHARACTERISTICS: 
PIC16C58A-Q4 
PIC16LC58A-Q4 
PIC16C58A-10 
PIC16C58A-20 


(COMMERCIAL, 
INDUSTRIAL) 


(COMMERCIAL, 
INDUSTRIAL) 


(COMMERCIAL, 
INDUSTRIAL) 


(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
ALL PINS EXCEPT POWER SUPPLY 


Standard 
Operating 
Conditions 
Operating temperature 
40'C:!> TA:!>+85'C for industrial and 


O'C :!>TA:!>+70'C for commercial 


Input Low Voltage 
1/0 ports 
Vil 


MCLR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 
Input High Voltage 
I/O ports 
VIH 


MCLR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 
Input Leakage Current 
(Note 4) 
I/O ports 
III 


MCLR 
MCLR 
RTCC 
OSC1 


Output 
Low Voltage 
I/O Ports 
OSC2ICLKOUT 
(RC option onl 
Output 
High 
olt 
I/O Ports (Note 
OSC2ICLKOUT 
(RC option only) 


Typ 
(Note 1) 


Vss 
0.2Voo 


Vss 
0.15 Voo 
Vss 
0.15 Voo 
Vss 
0.15 Voo 
Vss 
0.3 Voo 


0.2 Voo+ 1V 
Voo 
2.0 


0.85 Voo 
0.85 Voo 
0.85 Voo 
RC option only (Note 5) 


0.7 Voo 
XT, HS and LP options 
For Voo :55.5V 


-1 
/LA 
Vss :!>VPIN:!>Voo. 
Pin at hi-impedance 


/LA 
VPIN= Vss + 0.25V (Note 3) 


0.5 
+5 
/LA 
VPIN= Voo (Note 3) 


0.5 
+3 
/LA 
Vss :!>VPIN:!>Voo 


0.5 
+3 
/LA 
Vss :!>VPIN:!>Voo , 
XT, HS and LP options 


0.6 
V 
IOl = 8.7 mA, Voo = 4.5V 


0.6 
V 
IOl = 1.6 mA, Voo = 4.5V 


Voo-0.7 
V 
IOH= -5.4 mA, Voo = 4.5V 


Voo-0.7 
V 
IOH= -1.0 mA, Voo = 4.5V 


Note 1: Data in the column labeled "Typical· is based on characterization results at 25·C. This data is for design guidance 


only and is not tested for, or guaranteed by Microchip Technology. 
Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 


Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 


represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C58A be 


driven with extemal clock in RC mode. 


Note 6: The user may use lower VIH voltage of the two specifications. 
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17.6 AC CHARACTERISTICS: 
PIC16C58A-04 
PIC16lC58A-04 
PIC16C58A-10 
PIC16C58A-20 


(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 


AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
Operating temperature 
-40·C:!> TA:!> +85·C for industrial and 
O·C:!> TA:!> +70·C for commercial 


Typ 
Max 
Units 
(Note 1) 


External CLOCKIN 
Frequency (Note 2) 


Fosc 
DC 
DC 
DC 
DC 


Fosc 
DC 
0.1 


4 
DC 
Tcy 
1.0 
1.0 
0.2 
20 


Oscillator 
Frequency 


(Note 2) 


Instruction 
Cycle Time 


(Note 2) 


0.5 Tcy+ 20· 


0.5 TcY+ 20· 


ns 
~ 
ns 


ns 
~ 
ns 


ns 


ns 
Note 3 


ns 
Note 3 


ns 
Note 3 


ns 
Note 3 


ns 
Note 3. Where N = prescale 


value (2,4, ..., 256) 


30· 
ms 
voo = 5.0V 
30· 
ms 
Voo = 5.0V 


(Cant. on next page) 


10· 
10· 


TCY+40 
N 


Watchdog Timer Timeout Period 
(No Prescaler) 
TWOT 
g. 
Oscillation 
Start-up Timer Period 
TOST 
g. 


• Guaranteed by characterization, 
but not tested. 
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PIC16lC58A-04 
PIC16C58A-10 
PIC16C58A-20 


•. 
- - - - --- --, 


(COMMERCIAL, 
INDUSTRIAL) 


(COMMERCIAL, 
INDUSTRIAL) 


(COMMERCIAL, 
INDUSTRIAL) 


AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
Operating 
temperature 
-40'C:!> TA:!>+85'C 
for industrial 
and 
O'C :!>TA:!> +70'C 
for commercial 


Characteristic 
8ym 
Mln 
Typ 
Max 
Units 
Condilions 


(Note 1) 


I/O Timing 
I/O pin input valid before 
CLKOUTi (RC Mode) 
Tos 
0.25 TcY+30' 


110 pin input hold after 
CLKOUTi (RC Mode) 
TOH 
O' 


I/O pin output valid after 
CLKOUT-l-(RC Mode) 
Tpo 


I/O pin input valid before osci 


(110 setup time) 
TioV2osH 
TBD 
OSC1i to 110 pin input invalid 
TosH2ioL 
TBD 


(110 hold time) 
OSC1i to I/O pin output valid 
TosH2ioV 
ns 
Voo = 5.0V 
osc1i 
to CLKOUTlow 
TosH2ckL 
ns 
Voo = 5.0V 


osc1i 
to CLKOUThigh 
TosH2ckH 
ns 
Voo = 5.0V 


I/O pin input valid before CLKOUThigh 
TioV2ckH 
ns 
Voo = 5.0V 
CLKOUTlow to 110 valid 
TckL2ioV 
ns 
Voo = 5.0V 
CLKOUTrise time 
TckR 
12 
TBD 
ns 
Voo = 5.0V 
CLKOUTfail time 
TckF 
12 
TBD 
ns 
Voo = 5.0V 


110 pin output rise time 
Tio 
17 
TBD 
ns 
Voo = 5.0V 


110 
in out ut fall time 
TioF 
10 
TBD 
ns 
Voo = 5.0V 
Capacilive Loading Specs on Output p. s 


OSC2pin 
15 
pF 
In XT, HS or LP modes when 
external clock is used to drive 
OSC1 
50 
pF 


Note 1. Data i 
h~lu 
n 
ed "Typical" is based on characterization 
results at 25·C. This data is for design guidance 


only a 
is n 
tested for, or guaranteed 
by Microchip 
Technology. 
Note 2. Instructio 
~c 
period (Tcy) equals four times the input oscillator 
time base period. 


All specified 
lues are based on characterization 
data forthat particular oscillator type under standard operating 


conditions 
with the device executing 
code. 
Exceeding 
these specified 
limits may result in an unstable oscillator 


operation 
and/or higher than expected 
current consumption. 
All devices are tested to operate at "min." values 


with an external 
clock applied 
to the OSC1 pin. 


When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 


Note 3. For a detailed explanation 
of RTCC input clock requirements 
see section 4.2.1. 


Note 4. Clock-in high-time 
is the duration 
for which clock input is at VIHOSC 
or higher. 
Clock-in 
low-time 
is the duration 
for which clock input is at VILOSC 
or lower. 


Note 5. This HS specification 
is only for the -20 device. 
The -10 device has a maximum 
of 10 MHz and the -04 device 


has a maximum 
of 4 MHz. 
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FIGURE 17.1 • ELECTRICAL STRUCTURE OF 
110 PINS (RA and RB) 


FIGURE 17.2· 
ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 


Notes to Figures 17.1 and 17.2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri- 
cal overstress). 
Rin is a small resistance to further protect the 
input buffer from ESD. 
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18.0 TIMING DIAGRAMS 


FIGURE 18.1 - RTCC TIMING 


I'--- 
I 
I 
I 


TRTH 
---+l 
I 
I 


• 


I 


~-------- 
t4--- 
Tcy 
Tcy 
I 


I 
I 
I 
I 
:------_.-: ---- 
: . 
: 


: 
TOST 
: 
T1 
: 
T1 
: 
,, 


---- 
RESET ----,~,i~~~E 
~~~~~~~;I~p 
i~~~E 
~N~J:~~6~ON i----- 
, 
, 
, 
, 
, 
, 


i---iTosH2ckL 
~TosH2ckH 
; 
: 


:.- 
TckF 


: 
, 
TioV2osH 


:..---. 
Tck12ioV 
, 
: 


-..{~ 


TioR. TioF 


Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only in RC oscillator mode 


~1J'®~O[ffii)O[[j)®IJ'W 


2-174 


~ U'®O0 [M) 0 mJ®U'W 


2-175 


• 


MMMMMMMMM 


MMMMMMMMM 


O~AABB 
CDE 


MMMMMMMMMMMMXXX 
o MMMMMMMMXXXXXXX 
~AABB 
CDE 


xxxxxxxx 


XXXXXXXX 


O~AABB 
CDE 


P1C16C58A- 


041/50 


O~9351 
CBK 


PIC16C58A- 
o 041/P456 


~9336 
CBA 


P1C16C58A 
101/218 


O~9325 
CBK 
)~0P1C16C58A 


""........... 
9 3 4 0 
C BA 


Microchip part number information 
Customer specific information" 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip part number can not be marked on one 
line, tt will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


"Standard OTP marking consists of Microchip part number, year code, week code, 


facility code, mask rev #, and assembly code. 
For OTP marking beyond this, 


certain price adders apply. 
Please check with your Microchip Sales Office. 


For aTP devices, any special marking adders are included in aTP price. 


MM 
M 
XX 
X 


AA 
BB 
C 
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Absolute maximum ratings 
28 
AC characteristics (04.10.20) COMIIND 
32.33 
Block diagrams: 


Chip 
4 
1/0 Pin 
13 
Power-On Reset 
23 
RTCC (Simplified) 
7 
RTCC and WDT 
17 
Brown-out protection circuit 
22 
Code protection 
25 
Configuration fuses 
25 
Data memory map 
7 
DC characteristics (04.10.20) COMIIND 
29-31 
Development tools 
26. 27 
Extemal Power-On Reset circuit 
22 
Features overview 
1 
File register descriptions 
INDF 
6 
RTCC 
6 
PC 
9 
STATUS 
12 
FSR 
12 


1/0 ports 
13. 14 
10 locations 
25 
Indirect addressing 
6 
Instruction set 
18. 19 
OPTION register 
15. 17 
Oscillator 
20-22 
Oscillator Start-up Timer 
22 
OTP devices 
5 
Package information 
40 
Page select (Program memory) 
7 
PO bit 
11.12 
Pin-out information 
1, 28 
Power Down mode (SLEEP) 
25 
Power-On Reset 
22-24 
Prescaler (RTCCIWDT) 
15. 17 
Program Counter 
9 
Program memory map 
10 
Programming information 
26 
QTP devices 
5 
Real Time Clock/Counter (RTCC) 
6. 7.15.17 
RESET 
16 
SLEEP 
25 
Stack 
9 
Status register 
9 
Timing diagrams 
1/0 pin 
14.35 
Oscillator Start-up timing 
35 
Power-On Reset 
23.24 
RTCC timing 
7, 8, 35 
TObit 
9 
TRIS registers 
15 
UV Erasable devices 
5 
W register 
15 
WDT 
20 
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Connect world wide to the Microchip BBS using the 
CompuServe communications network. 
In most cases 
a local call is your only expense. 
The Microchip BBS 
connection 
does not use CompuServe 
membership 
services, therefore you do NOT need CompuServe 
membership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 
agent for details if you have a problem. 
CompuServe 
services allows mUltiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the nonnal CompuServe setting 
which is 7E1. 


2. 
Dial your local CompuServe phone number. 


3. 
Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


4. Type + <ENTER> and Host 
Name: will appear. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you set your modem to 7E 1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 


tions. 


For voice infonnation (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PIC is a registered 
trademark 
of Microchip 
Technology 


Incorporated 
in the U.S.A. 


The Microchip logo and name are trademarks 
of Microchip 


Technology 
Incorporated. 


PICMASTER, PRO MATE and PIC START are trademarks of 
Microchip Technology 
Incorporated. 


IBM PC and AT are registered trademarks 
of IBM Corpora- 


tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe 
is a registered trademark 
of CompuServe 
Inc. 


All other trademarks 
mentioned 
herein are the property of 


their respective companies. 
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PIC16C58A 
Product 
Identification 
System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices below or contact Corporate Headquarters for the representative or distributor in your area. 


PART NO. - xx X /XX xxxT~~-: 
l 
Package: 
P 
= PDIP(300 mil) 
so = SOIC (Gull Wing, 300 mil body) 
SS 
SSOP (209 mil) 


.NY 
CeramicWindow 


O' C to +70'C (T for tape/reel) 


-40' C to +8S'C (S lortapelreel) 


04 
4 MHz 


10 
10MHz 
20 
20 MHz 


Examples: 
a) PIC16C5BA - 04IP301 


= Commercial temp., 
PDIP package, 
4 MHz, standard V DO limits, 
QTP pallern # 301 


b) PIC16LC58A - 04I1S0 


= Industrial temp., 
SOIC package, 
4 MHz, extended V DO limits 


c) PIC16C5BA - 20 lIP 


= Industrial temp., 
PDIP package, 
20 MHz, standard VDO limits 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine il an errata sheet exists for a particular device, please contact one of the following: 
1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate Ltterature Center 
U.S. FAX: (602) 786-7277 
3. 
The Microchip'S Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Ltterature #) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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PIC16CR57A 


Compatibility 
• Pin and software compatible with PIC16C57 device 


High·Performance 
RISC·llke CPU 
• Only 33 single word instructions to leam 
• All single cycle instructions (200 ns) except for pro- 


gram branches which are two;:ycle 
• Operating speed: 
DC - 20 MHz clock input 
DC - 200ns instruction cycle 
• 
12-bit wide instructions 
• 8-bit wide data path 
• 2K x 12 on;:hip 
ROM program memory 
• 72 x 8 general purpose registers (SRAM) 
• Eight special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 
and instructions 


Peripheral Features 
20 1/0 pins with individual direction control 
8-bit real time clock/counter (RTCC) with 8-bit pro- 
grammable prescaler 
Power-On Reset 
Oscillator Start-up Timer 
Watchdog 
Timer 
(WDT) with its own on-chip 
RC 
oscillator for reliable operation 
Security ROM fuse for code-protection 
Power saving SLEEP mode 
Mask selectable oscillator options: 
Low;:ost 
RC oscillator: RC 


- Standard crystaVresonator: XT 
- High-speed crystaVresonator: HS 
- Power saving low frequency crystal: LP 


CMOS Technology 
Low-power, high-speed CMOS ROM technology 
Fully static design 
Wide-operating voltage range: 
- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
Low-power consumption 
- < 2mA typical 
@ 5V, 4 MHz 
- 15J.!Atypical 
@ 3V, 32 KHz 
- < 3J.!Atypical standby current (with WDT disabled) 
@ 3V, O·C to 70·C 


---RTCC 


--- 
Voo 
NlC 


--- 
Vss 
NlC 
---RAO 
---RAI 
---RA2 
---RA3 
---RBO 
---RBI 
---RB2 
---RB3 
---RB4 


~ 
-I 
~ 
28 
2 
'ZT 
[: 
3 
26 
4 
." 
25 
5 
(; 
24 
6 
..•. 
23 
7 
en 
22 
8 
0 
21 
9 
:D 
20 
10 
(1'1 
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The PIC16CR57A from Microchip Technology is a new 
member of the family of low-cost, high-performance, 
8-bit, fully static, ROM based CMOS microcontrollers. 
This device is pin and software compatible with the 
PIC16C57.lt employs a RISC-like architecture with only 
33 single word/single 
cycle instructions to leam. All 


instructions are single cycle (2oons) except for program 
branches 
which take two cycles. The PIC16CR57A 
delivers performance an order of magnitude higher than 
its competitors in similar price category. The 12-bit wide 
instructions are highly symmetrical resulting in 2:1 code 
compression 
over other 8-bit microcontrollers 
in its 
class. The easy to use and easy to remember instruction 
set reduces development time significantly. 


The 
PIC16CR57A 
is 
equipped 
with 
special 
microcontroller-like 
features that reduce system cost 
and power requirements. 
The Power-on 
Reset and 
oscillator start up timer eliminate the need for extemal 
reset circuitry. There are four oscillator configurations to 
choose from, including power saving lP (low 
Power) 
oscillator and cost saving RC oscillator. 
Power saving 
SLEEP mode, Watchdog Timer and code protection 
features improves system cost, power and reliablity. 


The PIC16CR57A 
is supported by an assembler, 
a 
software simulator, an in-circuit emulator and a produc- 
tion quality programmer. 
All the tools are supported by 
IBM PC and compatible machines. 


1.1 Applications 


The PIC16CR57A device fits perfectly in applications 
ranging from high-speed automotive and appliance mo- 
tor control to low-power remote transmitters/receivers, 
pointing devices, and telecom processors. 
The small 
footprint packages for through hole or surface mounting 
make this microcontroller perfect for all applications with 
space limitations. 
low-cost, 
low-power, high perfor- 
mance, 
ease 
of use and 
I/O flexibility 
make the 
PIC16CR57A 
very versatile even in areas where no 
microcontroller 
use has been considered before (e.g. 


timer functions, 
replacement of 'glue' 
logic in larger 
systems, co-processor applications). 


2.1 Harvard Architecture 


The PIC16CR57A single-chip microcomputer is a low- 
power, high-speed, full static CMOS device containing 
ROM, RAM, I/O, and a central processing 
unit on a 
single chip. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (ROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program memory. 
A block diagram 
of the 
PIC 16CR57A is given in Figure 2.1. 


2.2 Clocking Schemel!nstruction Cycle 


The clock input (from pin OSC1) is intemally divided by 
four to generate four non overlapping quadrature clocks 
namely 01, 
02, 
03 
and 04. 
Intemally, 
the PC is 
incremented every 01, an instruction is fetched from 
program memory and latched into instruction register in 
04. 
It is decoded and executed during the following 01 
through 04. 
The clocks and instruction execution flow 
is shown in Figure 2.2. 


Name 
Function 


RAO- RA3 
I/O PORTA 
RBO- RB7 
I/O PORTB 
RCO-RC7 
I/OPORTC 
RTCC 
Real Time Clock/Counter 
MCLR 
Master Clear 
OSC1/ClKIN 
Oscillator (input)/Extemal 
Clock Input 
OSC2IClKOUT 
Oscillator (output) 
Voo 
Power supply 
Vss 
Ground 


Part # 
I ROM 
I RAM' I vo I Package Options 


PIC16CR57AI 
2048 x 121 80 x 81 
20 I 28l PDIP (300 mil and 600 mil wide), 28l SOIC (300 mil), 28l SSOP 
, 
Including special function registers. 
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~~ 
~r---).~ 
~r---).~ 
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2.3 Data Register File 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 80 ad- 
dressable 8-bit registers including the I/O Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly 
addressable. 
A 'banking' 
scheme, with 


banks of 16 bytes each, is employed to address larger 
data memories (Figure 4.2). Data can be addressed 
direct, or indirect using the file select register. Immediate 
data addressing is supported by special 'literal' instruc- 
tions which load data from program memory into the W 
register. 


The register file is divided into two functional groups: 
operational 
registers and general 
purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 


2.4 ArithmeticILogic 
Unit (ALU) 


The 8-bit wide ALU contains one temporary working . 
register (W Register). 
It performs arithmetic and Bool- 


ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.5 Program Memory 


2048 words of 12-bit wide on-ehip program memory 
(ROM) are available. 
The memory can be directly 


addressed in pages of 512 words. 


Sequencing of microinstructions 
is controlled via the 


Program Counter (PC) which automatically increments 
to execute in-line programs. 
Program control opera- 


tions, supporting 
direct, indirect, 
relative addressing 


modes, can be performed by Bit Test and Skip instruc- 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-ehip 
two-level stack is employed 
to provide easy to use 


subroutine nesting. 


A variety of oscillator 
types, frequency 
ranges and 


packaging options are available. Depending on applica- 
tion and production 
requirements 
the proper device 
option can be selected using the information and tables 
in this section. 
When placing orders, please use the 


'PIC16CR57A 
Product Identification 
System' 
on the 


back page of this data sheet to specify the correct part 
number. 
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4.1 
Indirect Data Addressing (!HQfl 


This is not a physically implemented register. Address- 
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. The INDF register is 
useful as an indirect address pointer. For example in the 
instruction ADDWFINDF, 
Wwill add the contents of the 
register pointed to by the FSR to the content of the W 
Register and place the result in W. 


If INDF itself is read through indirect addressing (I.e. 
FSR = Oh),then OOhis read. Ifthe INDF register iswritten 
to via indirect addressing, the result will be a NOP. 


4.2 Real Time ClocklCounter Register 
~ 


This register can be loaded and read by the program as 
any other 
register. 
In addition, 
its contents 
can be 


incremented by an external signal edge applied to the 
RTCC pin, or by the intemal 
instruction cycle clock 


(CLKOUT =foscl4). 
Figure 4.1 is a simplified 
block 
diagram of the RTCC module. 


An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the 'OPTION 
register. The OPTION 
register is a 
special register (not mapped in data memory) address- 
able using the 'OPTION' instruction. See section 7.5 for 
details. 
If the prescaler 
is assigned to the RTCC, 
instructions 
writing to the RTCC register 
(e.g.cLRF 
RTCC,or BSF RTCC, 5, ...etc.) clears the presealer. 


The bit 'RTS' 
(RTCC signal Source) in the OPTION 
register determines, ifthe RTCC register is incremented 
internally or externally. 


RTS=1: The clock source for the RTCC or the pres- 
caler, if assigned to it, isthe signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter- 
mines, if an increment occurs on the falling 
(RTE=1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 


RTS=O: The RTCC register or its prescaler, respec- 
tively, will be incremented 
with the intemal 
instruction clock (= Foscl4). The 'RTE' 
bit in 
the OPTION register and the RTCC pin are 
'don't care' in this case. The RTCC pin must 
not be left floating (tie to either Voo or Vss). 
This prevents unintended entering of test modes 
and reduces the current consumption in low- 
power applications. 


As long as clocks are applied to the RTCC (from intemal 
or external source, with or without prescaler), the RTCC 
register keeps incrementing and just rolls over when the 
value 'FFh' 
is reached. All increment pulses for the 
RTCC register are delayed by two instruction cycles. 


After writing to the RTCC register, for example, 
no 
increment takes place for the following two instruction 
cycles. This is independent if internal or external clock 
source is selected. If a prescaler is assigned to the 
RTCC, the output of the presealer will be delayed by two 
cycles before the RTCC register is incremented. This is 
true for instructions that either write to or read-modify- 
write RTCC (e.g. MOVF RTCC, 
CLRF 
RTCC). For 


applications where RTCC needs to be tested for zero 
without affecting its count, use of MOVF 
RTCC, 
W 


instruction is recommended. 
Timing diagrams in Figure 
4.3 show RTCC read, write and increment timing. 


4.2.1 USING RTCC WITH EXTERNAL CLOCK 


When extemal clock input is used for RTCC, it is syn- 
chronized with the internal phase clocks. Therefore, the 
extemal clock input must meet certain requirements. 
Also there is some delay from the occurance 
of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1, the synchronization is done after 
the presealer. The output of the presealer 
is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for PSOUT to be high 
for at least 2 tose and low for at least 2 tose where:' 


tose = oseillator time period. 


When no prescaler is used. PSOUT (Prescaler output, 
see Figure 4.1) is the same as RTCC clock input and 
therefore the requirements are: 


TRTH 
RTCC high time ~ 2tosc + 20 ns 


TRTl 
RTCC low time ~ 2tose + 20 ns 


When prescaler is used. the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 


Then: 
PSOUT high time = PSOUT 
low time = ~ 


where TRT= RTCC input period and N = prescale value 


(2,4, ...., 256). The requirement is, therefore 
N °lRT 


~ 2 tose + 20ns, or TRP- 4 lose~ 40 05. 


The user will notice that no requirement on RTCC high 
time or low time is specified. 
However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary, the RTCC input requirements 
are: 


TRT 
RTCC period ~ (4 tose + 40 ns)/N 


TRTH 
RTCC high time ~ 10 ns 


TRTl 
RTCC low time ~ 10 ns 


Delay from external clock edge: Since the presealer 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
This delay is between 3 tosc and 7 tose (See Figure 4.4). 
Thus, for example, measuring the inlerval between two 
edges (e.g. period) will be accurate within ±4 tose (±200 
ns @ 20 MHz). 
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RTCC 


PIN 


~ 


PS2,PSI, PSO 
PSA 


1. 
Bits, RTE, RTS, PS2, PS1, PSOare located in option register. 


2. 
The prescaler is shared with Watchdog TImer (see Figure 9.1). 


ALE 
ADDRESS 
7 
6 
5 
4 
3 
2 
1 0 


00 
INDF(') 


01 
RTCC 
CALL 
109 
676 
5 
4 
3 
2 
1 0 
109 
6 
7 
6 
5 
4 
3 
210 
RETLW 
02 
A10 
AS 
AS 
PC 
STACK 1 
1-1 
STACK 2 


03 
STATUS 


04 
FSR 
7 
6 
5 
4 
3 
2 
1 
0 
05 
PORTA 


06 
PORTB 


07 
PORTC 


06 


09 


OA 
GENERAL 
TOANOFRQM 
OB 
PURPOSE 
REGISTER FILE 
VIAALU 
oc 
REGISTER 
W 


OD 
FILE 
LFROM PROGRAM MEMORY 


OE 


OF 


BIT 6, 5 OF FSR: BANK SELECT 


11 


10 


11 


12 


13 


14 


15 


16 


17 
GENERAL 
GENERAL 
PURPOSE 
PURPOSE 


16 
REGISTER ALE 
REGISTER ALE 


19 


lA 


lB 


lC 


10 
BANKO 
BANK 1 
BANK 2 
BANK 3 
IE 


IF 
3F 
5F 
7F 
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PC 
(pROGRAM 
COUNTER) 


INST. 
I 
PC 


: 
MOV'WFRTCC 
,,, 


, 


PC., 
PC.? 
PC+3 
PC... 
PC+S 
I 


: MOVF RTCC. W 
: MOVF RTCC. W 
: MOVF RTCC. W 
, MOVF RTCC. W 
: MOVF RTCC. W 
: 
, 
, 
, 
, 
, 
, 


AT+? 
t 


NRT+1 
t 


NRT +2 
t 


NRT.3 
c:: 
t 


PC 
(PROGRAM 
COUNTER) 


INST- 


PC-l 
PC 
PC.1 
• 


PC+? 
k 
PC.3 
k 
PC.' 
k 
PC+S 
k 
PC+6 


I/C)VWFRTCC 
MOVF 
RTCC. 
W 
I 
MOVFRTCC. W 
I 
MOVF 
RTCC. 
W 
: 
MQVF 
RTCC, 
W 
: 
MOVF ATCC. W : 


Rr 
RT.1 
NRT 
NRT.1 
i 
t 


WrlteRTCC 
ReadRTCC 
ReadRTCC 
ReadRTCC 
ReadRTCC 
ReadRTCC 


executed 
_NRT 
_NRT 
readsNRT 
reads NRT 
, 
readsNRT+1 


EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) 
, 


:~I~I~I~:~I~I~I~:~I~I~I~:~I~I~I~: 


Small pulse , 
misses sam ling 


INCREMENT RTCC (~) 


RTCC 


Notes: 


1. Delay from clock inpul change to RTCC increment is 3 tose to 7 tose. (Duration of a = tose). 


Therefore, the error in measuring the interval between two edges on RTCC input = ± 4 tose max. 


2. 
External clock n no prescaler selected, Prescaler oulpul otherwise. 


3. The arrows indicate the points in time where sampling occurs. 
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4.3 
Program Counter 


The program counter generates the addresses for on- 
chip ROM containing 
the program instruction 
words 


(Figure 4.5). 


The program counter is set to all 'l's 
upon a RESET 


condition. 
During 
program 
execution 
it is auto 


incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) 
GOTOinstructions allow the direct loading of the 
lower nine program counter bits (PC <8:0». 
The 


upper 2-bits of PC (PC<l 0:9» are loaded with page 
select bits PA1, PAO(bits6,5 status register). Thus 
GOTOallows jump to any location on any page. 
b) 
CALL instructions load the lower 8-bits of the PC 
directly while the ninth bit is cleared to "0". The PC 
value, incremented by one, will be pushed into the 
stack. 
The upper two bits of PC (PC<10:9» 
are 


loaded with Page Select bits PAl, 
PAO (STATUS 


<6:5». 
c) 
RETLWinstructions load the program counter with 
the top of stack contents. 
d) 
If the PC is the destination in any instruction (e.g. 
MOVWFPC, 
ADDWF PC, or aSF PC, 5) then the 


computed 8-bit result will be loaded into the low 8- 
bits of program counter. The ninth bit of PC will be 
cleared. PC<l 0:9> will be loaded with Page Select 
bits PAl, PAO (STATUS <6:5». 


It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWFpc), all subroutine calls or 
computed jumps are limited to the first 256 locations of 
any program memory page (512 words long). 


Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in 
the STATUS register will not be changed, and the next 
GOTO,CALL, ADDWF PC, MOVWF PC instruction will 
return to the previous page, unless the page pre-select 
bits have been updated under program control. 
For 


example, a NOPat location "1FF" (page 0) increments 
the PC to "200" (page 1). A "GOTO xxx" at "200" will 
retum the program to address "xxx" on page "0" (assum- 
ing that the page preselect bits in The STATUS register 
are "0"). 


Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a GOTOinstruction at this location will 
automatically cause the program to continue in page O. 


The PIC16CR57A series employs a two-level hardware 
push/pop stack (Figure 4.5). 


The 
CALL 
instruction pushes the current program 
counter value, incremented by "1", into stack level 1. 
Stack level 1 is automatically pushed to level 2. If more 
than 2 subsequent "CALL"s are executed, only the most 
recent two return addresses are stored. 


The page preselect bits of the STATUS register will be 
loaded into the most significant 
bits of the program 
counter. The ninth bit is always cleared to "0" upon a 
CALL instruction. This means that subroutine 
entry 
addresses have to be located always within the lower 
half of a memory page (addresses OOO-OFF,200-2FF, 
400-4FF, 
600-6FF). 
However, as the stack has the 
same width as the PC, subroutines can be called from 
anywhere in the program. 


The RETLWinstruction loads the contents of stack level 
1 into the program counter while stack level 2 gets 
copied into level 1. Ifmore than two subsequent"RETLw"s 
are executed, the stack will be filled with the address 
preViously stored in level 2. The retum will be always to 
the page from where the subroutine was called, regard- 
less of the current setting of the page pre-select bits in 
the STATUS register. Note that the W register will be 
loaded with the literal value specified 
in the RETLW 


instruction. This is particularly useful for the implemen- 
tation of "data" tables within the program memory. 


4.5 Status Word Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and page preselect bits for program 
memory. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 


set after the write. Furthermore, TO and PO bits are not 
writable. 
Therefore, the result of an instruction with 


status register as destination 
may be different than 
intended. For example, CLRF STATUSwill clear all bits 


except for TO and PD and then set the Z bit and leave 
status register as OOOUU100(where U = unchanged). 


It is recommended, therefore, that only aCF, 
aSF and 
MOVWFinstructions are used to alter the status registers 
because these instructions do not affect any status bit. 


For other instructions, affecting any status bits, see 
Section 
'Instruction Set Summary" (Table 10.1). 
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4.5.1 
CARRY/BORROWAND 
DIGITCARRYI 
BORROW BITS: 


The Carry bit (C) is a carry out in addition operation 


(ADDWF)and a borrowout in subtract operation (SUBWF). 


It is also affected by RRF and RLF instructions. The 
following examples explain carrylborrow bit operation: 


clrf 
Oxlf 
rnovlw 
1 
subwf 
Oxlf 


;f(lfh)=O 
;wreg=l 
;f(lfh) 
=f{lfh)- 
;wreg=O-I=FFh 
;Carry=O: 
Result 
is 
negative 


rnovlw 
OxFF 
rnovwf 
OxlF 
clrw 
subwf 
OxlF 


; 
;f(OxlF)=FFh 
;wreg=O 
;f(OxlF)=f(OxlF)- 
wreg 
;=FFh-O=FFh 
;Carry=l:Result 
is 
positive 


The digitcarry operates inthe same way asthe carry bit, 
Le. it is a borrow in subtract operation. 


FIGURE 4.5 - PROGRAM MEMORY 
ORGANIZATION 


GOTO, CALL. INST WITH PC AS 
DESTINATION 
- FROM STAT1JS<6> 


GOTO. CALL. INST WITH PC AS 
DESTINATION 
- FROM STAT1J5<5> 


GOTO - DIRECT FROM 
INSTRUCTION 
WORD 
CALL. INST WITH PC AS 
DESTINATION 
- ALWAYS 
'0' 


GOTO, CALL - DIRECT FROM 
INSTRUCTION 
WORD 
INST WITH PC AS 
DESTINATION 
- FROM ALU 


RETLW. 
CALL 


11 BIT 
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RESET CONDITION: 
PA2,PA1, PAOcleared to '0'. 
TO, PO are set or reset as shown in Table 4.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRYIBORROW 
BIT: 
For AOOWF and SUBWF instructions, this bit is set if there is a 
carry out from the most significant bit of the resuitant. 
Note 
that 
a subtraction 
is executed 
by 
adding 
the 
two's 


complement 
of the second 
operand. 
For rotate 
(RRF, RLF) 


instructions, this bit is loaded with either the high or low order bit 
of the source register. 


DIGIT CARRYIBORROW 
BIT: 
For AOOWF and SUBWF instructions, 
this bit is set if there is a 
carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the resuit of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Set to '1' during power up or by a CLRWOT command. 
This bit 


is reset to '0' by a SLEEP instruction. 


TIME-OUT 
BIT: 
Set to '1' 
during power up and by the CLRWOT 
and SLEEP 
command. 
This bit is reset to '0' by a watchdog timer time out. 


PAGE PRESELECTS 
BITS: 
00 Page 0 (000 - 1FF) 
01 Page 1 (200 - 3FF) 
10 Page 2 (400 - 5FF) 
11 Page 3 (600 - 7FF) 


BIT 7: 
General purpose read/Write bit 
(reserved for future use) 
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4.5.2 TIME OUT AND POWER DOWN STATUS 


BITS (TO 
PD) 


The TO and PO bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a watchdog timer time-out, a power-up con- 
dition, or a wake-up from SLEEP by the Watchdog Timer 


or MaR 
pin. 


These status bits are only affected by events listed in 
Table 4.1. 


TABLE 4.1 - EVENTS AFFECTING porro 
STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 


WDTTimeout 
0 
X 
No effect on PD 


SLEEP instruction 
1 
0 


CLRWDT instruction 
1 
1 


Note: 
A WOT timeout will occur regardless 
of the status of the TO 
bit. A SLEEP instruction 
will be executed. 
regardless 
of !he 


status of !he 1'0 bit. Table 4.2 reffects the status ofJ5D and 
TO after the corresponding 
event. 


- 
- 
TO 
PO 
RESET was caused by 


0 
0 
WDT wake-up from SLEEP 


0 
1 
WDT time-out (not during SLEEP) 


1 
0 
MCLR wake-up from SLEEP 


1 
1 
Power-up 
-- 


U 
U 
Low pulse on MCLR input 


Note: 
The J5D and TO bit maintain 
their status (U) until an event 


of Table 4.1 occurs. 
A low-pulse 
on !he MCOf 
input does 


not change !he PO and TO status bits. 


4.5.3 PROGRAM PAGE PRESELECT 


Bits 5-6 of the STATUS register are defined as page 
address bits PA<l :0>, and are used to preselect a 
program memory page. When executing a GOTO,CALL, 
or an instruction with PC as destination (e.g. MOVWF PC), 
PA<l :0> are loaded into bit A<10:9> of the program 
counter, selecting one of the available program memory 
pages. The direct address specified in the instruction is 
only valid within this particular memory page. 


RETLW instructions do not change the page preselect 
bits. 


Upon a RESET condition, PA<2:0> are cleared to "O"s. 


4.6 
File Select Register (FSRl 


Bits Q-4 select one ofthe 32 available file registers inthe 
indirect addressing mode (that is. calling for the INDF 
register in any of the file oriented instructions). 
Bits 5-7 of the FSR are read-only and are always read as 
·one·s. 
If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 


Bits 5 and 6 of the FSR select the current data memory 
bank (Figure 4.2). 


The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSR (in case 
of indirect addressing) is "0", or bit 4 of the direct 
file 


register address of the currently executing instruction is 
"0" (e.g. MOVWF DATAMEM). 


Only if bit 4 in the above mentioned cases is "1", bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 


Bit 7 is read-only and is always read as ·one." 
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The 1/0 registers can be written and read under program 
control like any other register of the register file. How- 
ever, 'read' instructions (e.g. MOVF PORTB, w) always 
read the 1/0 pins, regardless if a pin is defined as 'input' 
or 'output.' 
Upon a RESET condition, all 1/0 ports are 


defined as 'input' (= high impedance mode) as the 1/0 
control registers (TRISA, TRISB and TRISC) are all set 
to 'ones.' 


The execution of a 'TRIS 
f' instruction with corre- 
sponding 'zeros' inthe W-register is necessary to define 
any of the 1/0 pins as output. 


4-bit 1/0 register. low order 4-bits only are used (RAO - 
RA3). Bits 4 - 7 are unimplemented and read as 'zeros.' 


8-bit 1/0 register. 


5.3 
PORTC 


FIGURE 5.1 - EQUIVALENT CIRCUIT FOR A 
SINGLE VO PIN 


FROM 
D 
Q 
Voo 


DATA BUS 
DATA 
LATCH 


"WRITE" 
CK 
Q 


TO DATA 
BUS 


"READ" 


Q 


1/0 
CONTROL 
LATCH 


"TRIS!" 


"RESET" 


5.4 
VO Interfacing 


The equivalent circuit for an 1/0 port bit is shown in 
Figure 5.1. 
All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, 
w). The outputs are 
latched and remain unchanged until the output latch is 
rewritten. To use a port pin as output, the corresponding 
direction control bit (in TRISA, TRISB, TRISC) must be 
set to zero. For use as an input, the corresponding TRIS 
bit must be 'one'. 
Any 1/0 pin can be programmed 


individually as input or output. 


5.5 
VO Programming 
Considerations 


5.5.1 BIDIRECTIONAL 
1/0 PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF 
and BSF 
instructions, for 


example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as inpuVoutputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTS is re- 
output to the output latches. If another bit of PORTS is 
used as a bidirectional 1/0 pin (say bit 0) and it is defined 
as an input atthis time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a "0" or "1" should not be driven 
from external devices at the same time in order to 
change the level on this pin ("wired-or", "wired-and"). 
The resulting high output currents may damage the chip. 
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5.5.2 SUCCESSIVE 
OPERATIONS ON VO PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning 
of the instruction 
cycle 
(see 
Figure 5.2). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate 
these 
instructions 
with a NOP or an other instruction 
not 
accessing this VO port. 


f20h - f2Fh: 
f30h - f3Fh: 


f40h - f4Fh: 
fSOh· f5Fh: 


f60h - f6Fh: 
f70h· f7Fh: 


are general purpose register files which 
are always selected, independent of bank 
select. 
general purpose register files in memory 
bankO. 
physically identical to too - fOF. 
general purpose register files in memory 
bank 1. 
physically identical to too - fOF. 
general purpose registerfiles in memory 
bank 2. 
physically identical to too - fOF. 
general purpose register files in memory 
bank 3. 


Fe 
Instruction 
fetched 


PC+3 
1'0' 
This example shows write to 
port 
B followed 
by a read 


from 
port B. 
Note that the 
data setup time = (0.25 TCY 
- 
TPD) 
where 
TCY 
= 


instruction 
cycle. 
Therefore, 


at higher clock frequencies, 
write 
followed 
by 
a 
read 
may be problematic. 


~ 
Fe 
, MOVWF PORTS 
Wliteto 
PORTS 


X 
PC+l 
X 
, MOVF PORTS, W , 
, 
Read PORTS 
' 


PC+2 
1'0' 


RB (7:0): 
~ 


, 
: T Port pin 
: 
I 
I 
I 
, 
I 
sampled here I 


-.... 
j4- 
1 


Execute 
ITRl 
Execute 
I 
, MOVWF PORTS 
I MOVF PORTS, Wi 
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7.0 
SPECIAL 
PURPOSE REGISTERS 


7.1 W 
Working 
Register 


Holds second operand in two operand instructions and! 
or supports the internal data transfer. 


7.2 IB!SA 
VO Control Register For 
fQBIA 


Only bits 0 - 3 are available. PORT A is only 4-bits wide. 


7.3 ~ 
VO Control Register For 
fQBID. 


VO Control Register For 
~ 


The 1/0 control register will be loaded with the content of 
the W register by executing 
of the TRIS 
PORT 
C 
instruction. A "1" in the 1/0 control register puts the 
corresponding 1/0 pin into a high impedance mode. A "0- 
puts the contents of the PORTC registe out on the 
selected 1/0 pins. 


This register is "write-only" 
and is set to all "ones' upon 
a RESET condition. 


7.5 OPTION 
prescalerlRTCC Option 
Register 


Defines prescaler assignment 
(RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is ·write-only· and is 6 bit wide. 


By executing the ·OPTION· instruction, the contents of 
the ·W· register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
·ones.· 


The 1/0 control register will be loaded with the content of 
the W register 
by executing of the TRIS 
PORT 
B 
instruction. 
A ·1· in the I/O control register puts the 
corresponding 
1/0 pin into a high impedance mode. 
A ·0· puts the contents of file register PORTB out on the 
selected 1/0 pins. 


This register is ·write-only· 
and is set to all ·ones" upon 
a RESET condition. 


PRESCALER 
VALUE 
RTCC RATE 
WDTRATE 


0 
0 
0 
1 : 2 
1: 
1 
0 
0 
1 
1 : 4 
1 : 2 
0 
1 
0 
1 : 8 
1: 
4 
0 
1 
1 
1 : 16 
1 : 8 
1 
0 
0 
1 : 32 
1 : 16 
1 
0 
1 
1 : 64 
1 : 32 
1 
1 
0 
1 : 128 
1 : 64 
1 
1 
1 
1 : 256 
1 : 128 


PRESCALER ASSIGNMENT BIT: 
0 
RTCC 
1 
WDT 


RTCC SIGNAL EDGE: 
0 
INCREMENT ON LOW-TQ-HIGH TRANSITION ON RTCC PIN 
1 
INCREMENT ON HIGH-TQ-LOW TRANSITION ON RTCC PIN 


RTCC SIGNAL SOURCE: 
o 
INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUn 
1 
TRANSITION ON RTCC PIN 
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A RESET condition can be caused by applying power to 


the chip (power-up), pulling the MClA 
input "low", or by 
a Watchdog 
Timer timeout. The device will stay in 
RESET as long as the Oscillator Start-up Timer (OST) is 


active or the MClR 
input is "low." 


The Oscillator Start-up Timer is activated as soon as 


MCLR input is sensed to be~ 
This implies that in 
case of Power-On Reset with MClR tied to Voo the OST 
starts from power-up. 
In case of WDT time-out, it will 


start at the end of the time-out (since MClA 
is high). In 


case of MClR reset, the OSTwili start when Ma..R goes 
high. The nominal OST time-out period is 18ms. See 
Section 13.0fordetailed information on OSTand Power- 
On Reset. 


During a RESET condition the state ofthe PIC16CR57 A 
is defined as : 


The oscillator is running, or will be started (power- 
up or wake-up from SLEEP). 


All I/O port pins (RAO - RA3, RBO- RB7, and RCO- 
RC7) are put into the high-impedance 
state by 


setting the "TRIS" registers to all "ones" (= input 
mode). 


The Program Counter is set to all "ones" (1FFh). 


The OPTION register is set to all "ones". 


The Watchdog Timer and its prescaler are cleared. 


The upper three bits (page select bits) in the Status 
Register are cleared to "zero." 


"RC" mode only: The "CLKOUT" 
signal on the 
OSC2 pin is held at a"low" level. 


Register 
Address 
• Power-on 
Reset 
• MClR 
Reset during: 
. Wake up from 
SLEEP 
- normal 
operation 
through 
WOT timeout 
-SLEEP 
• WOT timeout 
during 
normal 
operation 


W 
- 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


TRISA 
- 
---- 
1111 
---- 
1111 
---- 
uuuu 


TRISB 
1111 
1111 
1111 1111 
uuuu uuuu 


TRISC 
1111 
1111 
1111 
1111 
uuuu 
uuuu 


OPTION 
--11 
1111 
--11 
1111 
--Ull uuuu 


INOF 
DOh 
- 
- 
- 


RTCC 
01h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


PC 
02h 
1FF/7FFh 
OOOh 
PC + 1 


STATUS 
03h 
0001 1xxx 
ODD? ?uuu 
uuuO 
Ouuu 


FSR 
04h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


PORTA 
OSh 
xxxx 
xxxx 
uuuu uuuu 
uuuu 
uuuu 


PORTB 
06h 
xxxx 
xxxx 
uuuu uuuu 
uuuu 
uuuu 


PORTC 
07h 
xxxx 
xxxx 
uuuu uuuu 
uuuu 
uuuu 


legend: 
u 
= 
unchanged 
x 
= 
unknown 


- 
= 
unimpJemented bit, reads as '0' 


? = value of TO, PO bits depend on condition 
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An B-bit counter is available as a prescalerfor 
the RTCC, 
or as a post-scaler 
for the Watchdog 
Timer, respectively 
(Figure 9.1 ). For simplicity, 
this counter is being referred 
to as 'prescaler" 
throughout 
this data sheet. Note that 
there is only one prescaler 
available 
which is mutually 
exclusively 
shared between 
the RTCC and the Watch- 
dog Timer. 
Thus, a prescaler 
assignment 
for the RTCC 
means 
that 
there 
is no prescaler 
for the Watchdog 
Timer, and vice-versa. 


The 
PSA and 
PSO-PS2 
bits in the OPTION 
register 
determine 
the prescaler assignment 
and pre-scale 
ratio. 
When assigned 
to the RTCC, all instructions 
writing to 
the RTCC 
(e.g. CLRF 
RTCC, 
MOVWF 
RTCC, 
BSF 
RTCC, x ....etc.) will clear the prescaler. 
When assigned 
to WDT, a CLRWDT instruction 
will clear the prescaler 
along with the Watchdog 
Timer. 


9.1 Switching Prescaler Assignment 


CHANGING 
PRESCALER 
FROM RTCC TO WDT 


The prescaler 
assignment 
is fully under software 
con- 
trol, Le., it can be changed 
'on the fly' during program 
execution. 
To avoid an unintended 
device RESET, the 
following 
instruction 
sequence 
must be executed when 
changing the prescaler assignment 
from RTCC to WDT: 


1. MOVLWB'xxOxOxxx' 
2. OPTION 


3. CLRF1 


4. MOVLWB'xxxx1xxx' 


5. OPTION 


6. CLRWDT 


[ 
7. 
MOVLWB'xxxx1xxx' 


8. OPTION 


; selectinternalclockandselectnew 


; prescalervalue. If newprescalevalue 
; is = '000' or '001', thenselectanyother 


; prescalevaluetemporarily. 
; ClearRTCCand~. 
; SelectWDT,do notchangeprescale 


; value. 


; ClearsWDTand~. 
; Selectnewprescalevalue. 


Steps 
1 and 2 are only reqUired if an external 
RTCC 
source is used. 
Steps 7 and B are necessary 
only if the 
desired 
prescale value is '000' or '001 '. 


To change prescaler from WDT to RTCC use the follow- 
ing sequence: 


1. CLRWDT 
2. MOVLW 


0 


~ 
r 


M 
U 


RTCC 
X 


PIN 
RTE 


RTS 


0 


M 
WATCH 
U 
DOG 
X 
TIMER 


PSA 


WDTENABLE 
EPROM FUSE 


; ClearWDTand~ 


B'xxxxOxxx' 
; SelectRTCC,newprescalevalue 
; andclocksource 


SYNC 
2 
CYCLES 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 
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10.0 BASIC INSTRUCTION 
SET 
SUMMARY 


Each instruction is a 12-bit word divided into an OPCODE 
which specifies the instruction type and one or more 
operands 
which further specify the operation of the 


instruction. The instruction set summary in Table 10.1 
lists byte-oriented, 
bit-oriented, and literal and control 


operations. 


For byte-oriented instructions, 'f' represents a file regis- 
ter designator and 'd' represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 
'b' 
represents a bit field 


designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an eight 
or nine bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 !!Sec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 ILsec. 


Notes to Table 10.1 


Note 1: The 9th bit olthe program counter will be forced 
to a 'zero' by any instruction that writes to the 
PC except for GOTO (e.g. CALL, 
MOVWF PC 


etc.). See Section 4.3 for details. 


Note 2: When an I/O register is modified as a function of 


itself ( e.g.MOVF PORTB,1),the value used will 
be that value present on the pins themselves. 
For example, if the data latch is '1' for a pin 
configured as output and is driven low by an 
external device, the data will be written back 
with a '0'. 
Note 3: The instruction 'TRIS 
f', where f = PORTA, 


PORTS, or PORTC causes the contents of the 
W register to be written to the tristate latches of 
the specified file (port). A 'one' forces the pin to 
a high impedance state and disables the output 
buffers. 


Note 4: 
If this instruction is executed on The RTCC 
register (and, where applicable, d=1), the pres- 
caler will be cleared if assigned to the RTCC. 
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(11-6) 
(5) 
(4 -0) 
BYTE-oRIENTED 
FILE REGISTER OPERATIONS 
I 
OPCODE 
~ 
f(FILE 
#) I 


d = 0 for destination 
W 


d = 1 for destination 
f 


Instrucllon-Blnary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operallon 
Status Affected 
Notes 


0001 
11df 
ffff 
1Cf 
Add Wand I 
AOOWF 
f, d 
W+f~d 
C,DC,Z 
1,2,4 


0001 
01df 
ffff 
14f 
ANDWandl 
ANOWF 
I, d 
W&f~d 
Z 
2,4 


0000 
01lf 
ffff 
06f 
Clear 1 
CLRF 
I 
O~f 
Z 
4 


0000 
0100 
0000 
040 
ClearW 
CLRW 
- 
O~W 
Z 


0010 
01df 
ffff 
24f 
Complement I 
COMF 
f, d 
f~d 
Z 
2,4 
0000 
11df 
ffff 
OCf 
Decrementf 
OECF 
f, d 
f-1 ~d 
Z 
2,4 


0010 
11df 
ffff 
2Cf 
Decrement f,Skip if Zero 
DECFSZ 
f, d 
I - 1 ~ 
d, skip il zero 
None 
2,4 


0010 
10df 
ffff 
2Bf 
Increment I 
INCF 
f, d 
f+1~d 
Z 
2,4 


001111df 
ffff 
3Cf 
Increment I,Skip il zero 
INCFSZ 
f, d 
f + 1 ~ 
d, skip il zero 
None 
2,4 


0001 
OOdf 
ffff 
10f 
Inclusive OR Wand I 
IORWF 
I, d 
Wvl~d 
Z 
2,4 


0010 
OOdf 
ffff 
20f 
Move I 
MOVF 
I, d 
I~d 
Z 
2,4 


0000 
OOlf 
ffff 
02f 
MoveWtof 
MOVWF 
I 
W~I 
None 
1,4 


0000 
0000 
0000 
000 
No Operation 
NOP 
- 
- 
None 


0011 
01df 
ffff 
34f 
Rotate left I 
RLF 
I, d 
I(n) ~ 
d(n+ 1), C ~ 
d(O), 1(7) ~ 
C 
C 
2,4 


0011 
OOdf 
ffff 
30f 
Rotate right 1 
RRF 
I, d 
I(n) ~ 
d(n-1), C ~ 
d(7), 1(0) ~ 
C 
C 
2,4 


0000 
10df 
ffff 
08f 
Subtract W lrom 1 
SUBWF 
f, d 
1- W ~ 
d [I + W + 1 ~ 
d) 
C,DC,Z 
1,2,4 
0011 
10df 
ffff 
38f 
Swap halves f 
SWAPF 
f, d 
1(0-3) H 1(4-7) ~ 
d 
None 
2,4 
0001 
10df 
ffff 
1Bf 
Exclusive OR Wand 1 
XORWF 
I, d 
we 
I~d 
Z 
2,4 


(11-8) 
(7-5) 
(4 -0) 
BIT-ORIENTED FILE REGISTER OPERATIONS 
I 
OPCODE 
I b(BIT#) 
I 
f(FILE 
#) 
I 


Instrucllon-Blnary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operallon 
Status Affected 
Notes 


0100 bbbf 
ffff 
4bf 
Bit Clear f 
BCF 
I, b 
O~I(b) 
None 
2,4 


0101 bbbf 
ffff 
Sbf 
Bit Set 1 
BSF 
I, b 
1 ~I(b) 
None 
2,4 


0110 bbbf 
ffff 
6bf 
Bit Test f,Skip il Clear 
BTFSC 
f, b 
Test bit (b) in file (I): Skip if clear 
None 
0111 bbbf 
ffff 
7bf 
Bit Test f, Skip if Set 
BTFSS 
I, b 
Test bit (b) in file (I): Skip il set 
None 


(11-8) 
(7 - 0) 
LITERAL AND CONTROL OPERATIONS 
I 
OPCODE 
I 
k (LITERAL) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operallon 
Status Affected 
Notes 


111 0 kkkk 
kkkk 
Ekk 
AND Literal and W 
ANDLW 
k 
k&W~W 
Z 


1001 
kkkk 
kkkk 
9kk 
Call subroutine 
CALL 
k 
PC + 1 ~ 
Stack, k ~ 
PC 
None 
1 


0000 
0000 
0100 
004 
Clear Watchdog timer 
CLRWDI . 
o ~ 
WDT (and prescaler, if assigned) 
1'OIPO 


101k 
kkkk 
kkkk 
Akk 
Go To address (k is 9 bit) 
GOlD 
k 
k ~ 
PC (9 bits) 
None 


11 01 kkkk 
kkkk 
Dkk 
Incl. OR Literal and W 
IORLW 
k 
kvW~W 
Z 


11 00 kkkk 
kkkk 
Ckk 
Move Literal to W 
MOVLW 
k 
k~W 
None 


0000 
0000 
0010 
002 
Load OPTION register 
OPTION - 
W ~ 
OPTION register 
None 
1000 
kkkk 
kkkk 
8kk 
Return,place Literal in W 
RETLW 
k 
k ~ 
W, Stack ~ 
PC 
None 


0000 
0000 
0011 
003 
Go into standby mode 
SLEEP 
. 
o ~ 
WDT, stop oscillator 
TOIPD 


0000 
0000 
Offf 
OOf 
Tristate port f 
TRIS 
1 
W~ 
1/0 control register 1 
None 
3 
1111 
kkkk 
kkkk 
Fkk 
Excl. OR Literal and W 
XORLW 
k 
keW~W 
Z 
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The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com- 
ponents. That means that the WDT will run, even if the 
clock on the OSC1/0SC2 
pins of the device has been 


stopped, for example, by execution of a SLEEP instruc- 
tion. A WDT timeout generates a device RESET condi- 
tion. The WDT can be pennanently disabled by speci- 
fying the WDT mask option. 


11.1 WDT Period 


The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, Voo and process variations from part to part (see 
DC specs). 
If longer time-out periods are desired, a 


prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 


The CLRWDT and SLEEP 
instructions c1earthe WDT and 


the prescaler count, if assigned to the WDT, and prevent 
it from timing out and generating 
a device 
RESET 


condition. 


The status bit TO in the STATUS register will be cleared 
upon a watchdog timer timeout. 


The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unitto unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 


11.2 WDT Programming Considerations 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


12.1 Oscillator Types 


The PIC16CR57A series is available with four different 
oscillator options. Two bits in the configuaration word 
select one of these four modes. The customer specifies 
the desired oscillator type along with the ROM pattern. 
The parts are tested for the specific oscillator type. 


12.2 Crystal Oscillator 


The PIC16CR57A crystal options (XT, HS, or LP) need 
a crystal or ceramic resonator connected to the OSC1 
and OSC2 pins to establish oscillation (Figure 12.1). 
XT = Standard crystal oscillator, HS= High speed crystal 
oscillator. The series resistor RS may be required forthe 
'HS' oscillator, especially at lower than 20 MHz oscilla- 
tion frequency. It may also be required in XT mode with 
AT strip-cut type crystals to avoid overdriving. 


12.3 RC Oscillator 


For timing insensitive applications the 'RC' device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values, and the operation 


temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 


capacitance between package types will also affect the 
oscillation frequency, 
especially for low Cext values. 


The user also needs to take into account variation due 
to tolerance of external Rand 
C components 
used. 


Figure 12.3 shows how the RlC combination 
is con- 


nected to the PIC16CR57A. 
For Rext values below 


2.2kOhm, 
the oscillator 
operation 
may become un- 


stable, or stop completely. 
For very high Rext values 


(e.g. 1MOhm), the oscillator becomes sensitive to noise, 
humidity and leakage. 
Thus, we recommend to keep 


Rext between 3kOhm and 100kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, 
the oscillation frequency 


can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. 
The 


variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See characteristics in Section 18.0 for variation of oscil- 
lator frequency due to Voo for given RextlCext values as 
well as frequency variation due to operating temperature 
for given R, C, and Voo values. 


The oscillator frequency, divided by 4, is available on the 
OSC2ICLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2 for timing). 
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Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona- 
tor manufacturerfor appropriate values of external com- 
ponents. 


TABLE 12.1 - 
CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 
Type 
Frequency 
C1 = C2 


XT 
455 KHz 
150-330 pF 
2.0 MHz 
20-330 pF 
4.0 MHz 
20-330 pF 
HS 
8.0 MHz 
20-200 pF 


Note: 
The capacitor valves may change aftercharacterization 
of the device. 
These 
values 
should 
be considered 
design targets. 


FIGURE 12.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 


Rs may be required in HS and XT modes for AT strip-cut 
crystals to avoid overdriving. 
See Tables 12.1 and 12.2 for 


recommended 
values of C1, C2 per oscillator 
type and 


frequency. 


FIGURE 12.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 


OSC1 


PIC16CR57A 
0SC2 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. 
As may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, 
the user should consult the 
crystal manufacturer for appropriate values of external 
components. 


TABLE 12.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 


Osc 
Freq 
C1 
C2 
Type 


LP 
32 KHz 
15 pF 
15 pF 
XT 
100 KHz 
15-30 pF 
200-300 pF 
200 KHz 
15-30 pF 
100-200 pF 
455 KHz 
15-30 pF 
15-100 pF 
1 MHz 
15-30 pF 
15-30 pF 
2MHz 
15 pF 
15pF 
4MHz 
15 of 
15 of 
HS 
4MHz 
15 pF 
15 pF 
8 MHz 
15 pF 
15 pF 
20 MHz 
15 pF 
15 pF 


Note: 
The capacitor valves may change after characterization 
of the device. 
These 
values 
should 
be considered 
design targets. 


FIGURE 12.3 - RC OSCILLATOR 
(RC TYPE ONLY) 


cexlI 
Vss -= 
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13.0 OSCILLATOR 
START-UP 
TIMER 
(OST) 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-i;hip Oscillator Start-up Timer is 
provided which keeps the device in a RESET condition 


for approximately 18ms after the voltage on the MaR 
pin has reached a logic high (VIHMC) 
level. Thus, 


extemal RC networks connected to the MaR 
input are 
not required in most cases, allowing for savings in cost- 
sensitive and/or space restricted applications. 


The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WOTto awake the PIC16CR57A from SLEEP 
mode automatically. 


The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start up and 
stabilize. 


13.1 Power-On Reset (POR) 


The PIC16CR57A incorporates an on chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. 
To use this feature the 


user merely needs to tie MaR 
pin to Voo. A simplified 
block diagram of the on-i;hip Power-On Reset circuit is 
shown in Figure 13.4. The power on reset circuit and the 
oscillator start-up timer circuit are closely related. 
On 
power-up the reset latch is set and the start-up timer (see 
Figure 13.4) is reset. The start-up timer begins counting 


once it detects MaR 
to be high. 
After the time-out 
period, which is typically 18ms, it will reset the reset- 
latch and thus end the on-i;hip reset signal. 


Figures 13.5 and 13.6 are two power-up situations with 
relatively fast rise time on Voo. 
In Figure 13.5, voo is 


allowed to rise and stabilize before bringing MaR 
high. 
The chip will actually come out of reset tOST ms after 


MCLR goes high. In Figure 13.1.6, the on chip Power- 
On Reset feature is being utilized (MCLR and Voo are 
tied together). 
The Voo is stable before the start-up 
timer times out and there is no problem in getting a 
proper reset. Figure 13.7 depicts a potentially problem- 
atic situation where Voo rises too slOWly. In this situa- 
tion, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip istherefore not 
guaranteed to function correctly. 


To summarize, the on chip Power-0n 
Reset is guaran- 
teed to work if the rate of rise of Voo is no slower than 
0.05 V1ms. It is also necessary that the Voo starts from 
OV. The on-i;hip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset 


FIGURE 13.1 - EXTERNAL POWER 
ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 


Voo 


0 
R 


R 
MCLR 
IC 
PIC16CR57A 
Notes: 
=- 


1. 
External power on reset circuit is required only ~ VOD 
power-up slope is too slow or if a low frequency crystal 
oscillator is being used that need a long start-up time. 
The diode 
0 helps discharge 
the capacitor 
quickly 
when voo powers down. 


2. 
R < 40 Kn must be observed to make sure that voltage 
drop across R does not exceed 0.2 V (max leakage 
current spec on MCLR pin is~. 
A larger voltage 
drop will degrade VIH level on MCLR pin. 


3. 
Rl= 
loon 
to lKn 
will limit any current 
flowing 
into 
MCLR from extemal capacitor C in the event of MCLR 
pin breakdown due to ESO or EOS. 


FIGURE 13.2 - 
BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This circuit will activate reset when V 00 goes below 
f!lZ + 0.7 V) where VZ = Zener vollage. 


FIGURE 13.3 - 
BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This 
brown 
circuit 
is less 
expensive. 
albeit 
less 
accurate. 
Transistor 
01 
turns 
off when 
VOO 
is 
below a certain level such that: 


Rl 
VOO· Rl+R2 
= 0.7 V. 
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When VOo rises slowly, 
the internal 
time-out 
period 
expires 
long before 
Voo 
has reached 
~s final 
value. 
In this example, 
the chip will reset properly ii, and only ii, Vl~ 
VllOMIN. 
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The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timer will be cleared but keeps 
runnJDg,the bit 'PO' 
in the STATUS register is cleared, 


the 'TO • bit is set, and the oscillator driver is tumed off. 
The I/O ports maintain the status they had, before the 
SLEEP command was executed (driving high,low, or hi- 
impedance). 


For lowest current consumption in this mode, all I/O pins 
should be either at Voo, or Vss, with no extemal circuitry 
drawing current from the I/O pin. I/O pins that are in the 
High-impedance 
mode should be pulled high or low 
extemally to avoid switching currents caused by floating 
inputs. The RTCC input should also be at Voo or Vss for 
lowest current consumption. 


The MCtR 
pin must be at VIHMC. 


14.1 Wake-Up 


The device can be awakened by a Watchdog Timer 
time-out (if it is enabled) or an externally applied 'Iow' 
pulse at the MCLR pin. In both cases the 16CR57A will 
stay in RESET mode for one Oscillator Start-up Timer 
period (triggered from rising edge on MCLR 
or WDT 


time-out) before normal program execution resumes. 


The 'PD' 
bit in the STATUS register, which is set to one 
during power-on, but cleared by the 'SLEEP' command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 4.2). 
The TO bit in the STATUS register can be used to 
determine, if the 'wake up' was caused by an external 
MCtR 
signal or a Watchdog Timer time-out. 


NOTE: Some applications 
may require external RlC 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
16CR57A will be in RESET only for the oscillator start- 
up timer period. 


The configuration ROM consists of four ROM fuses. 


Two are for the selection of the oscillator type, one is the 
Watchdog 
Timer enable fuse, and one is the code 
protection fuse. 


15.1 Customer 10 Code 


The PIC16CR57 A series has 16 special ROM bits which 
are not part of the normal program memory. These bits 
are available to the user to store an Identifier (10) code, 
checksum, or other informative data. They cannot be 
accessed during normal program execution. 


The program code written into the ROM can be pro- 
tected by programming the code protection fuse with '0'. 


When code protected, the contents of the program ROM 
cannot be read out in a way that the program code can 
be reconstructed. 


Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 


15.2.1 VERIFYING A CODE-PROTECTED 
PART 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOOXXXX'(binary) where X is 1 or O. To verify a 
device after code protection, follow this procedure: 


a. 
First, program and verify a good PIC16C57 without 
code protecting it. 


b. 
Next, blow its code protection fuse and then load its 
contents in a file. 
c. 
Verify any code-protected 
PIC16CR57A (with this 
program) against this file. 


OT1,OTO: 
Oscillator selection fuses 


00 
LP 


01 
XT 


10 
HS 


11 
RC 


WDTE: 
1 
WDTenabled 


0 
WDT disabled 


CP: 
1 
Code protection off 


0 
Code protection on 
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16.1 
Development 
Tools 


The PIC16C5X and PIC16CXX microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


PICMASTERTM Real-Time In-Circuit Emulator 
PRO MATETMUniversal Programmer 
• 
PICSTARTTMLow-Cost Prototype Programmer 
• 
Assembler 
• 
Software Simulator 


16.2 
PICMASTERTM; 
High Performance 
Universal In-Circuit 
Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers 
in the PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all 
new 
PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 
machines ranging from 80286-A"" 
class 
ISA-bus systems through the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft Windows" 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation 
system with advanced 
features 
generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


• 
Host-Interface Card 


• 
Emulator Control Pod 
• 
Target-Specific 
Emulator Probe 
PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and fu1ure versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. 
With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 
development of multi-microcontroller 
systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


16.3 
PRO MATETM; Universal 
Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Voo and VPp sup- 
plies which allows it to verify programmed memory 
at 
Voo min and Voo max for maximum reliability. 
It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. 
It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory holds data and parametric 
information 
even 
when powered down. 
It is ideal for low to moderate 
volume production. 


Common 
Interface card 
PC Compatible 
Computer 
(ATnSA Bus) (for Industry Standard Architecture) 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 


selection of fuse configuration and part type, easy selec- 
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. 
Essential commands such as 


read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular 'programming 
socket 


module'. 
Different socket modules are required for 


different 
processor 
types 
and/or 
package 
types. 


PRO MATE supports all PIC16C5X, PlC16CXX 
and 


PIC17CXX processors. 


16.4 
PICSTARrM 
programmer 


The PICSTARTTM programmer is an easy to use, very 
low-cost prototype programmer. 
It connects to the PC 


via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 


16.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. 
It 


supports 
all 
microcontroller 
series 
inclUding 
the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 


of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 


play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 


assembled code. 


• 
Macro Directives 
control the execution and data 


allocation within macro body definitions. 


16.6 
Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 


PlC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. 
The input/output 


radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 


Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


16.7 
pevelopment Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-1: 


TABLE 16-1: DEVELOPMENTSYSTEM 


PACKAGES 


lIem 
Name 
SystemDescription 


1. 
PICMASTERTM PICMASTERIn-CircuitEmulator 
System 
with your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTARTTM 
PICSTARTTM 
Low-CostPrototype 


System 
Programmer,Assembler,Software 
Simulatorand Samples 


16.8 
Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 


PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE-16A 
PIC16C54, 
4MHZ 
4.5V-5.5V 


PICl6C55, 
PIC16C56, 
and PIC16C57 


PROBE -16D 
PIC16C54, 
20 MHz 
4.5V - 5.5V 


PIC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 
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17.1 Absolute Maximum Ratings· 


Ambient temperature under bias 
-SS·C to +12S·C 


Storage Temperature 
- 65·C to +1S0·C 
Voltage on any pin with respect to Vss 


(except Voo. MCI.R 
and RT) 
-o.6V to Voo +O.6V 
Voltage on Voo with respect to Vss 
0 to +7.S V 


Voltage on MCI.R 
and RT with respect to Vss 
(Note 2) 
0 to +14 V 
Total power Dissipation (Note 1) 
800 mW 
Max. Current out of Vss pin 
1S0 mA 
Max. Current into Voo pin 
100 mA 
Input Clamp Current, 
11K (VI<O or VI>VOO) 
±20 mA 
Output Clamp Current, 10K (Vo<O or Vo>Voo) ±20 mA 
Max. Output Current sinked by any I/O pin 
2S mA 
Max. Output Current sourced by any 1/0 pin 
20 mA 
Max. Output Current sourced by a single 
1/0 port 
Port A 
SOmA 
Port B or Port C 
100 mA 
Max. Output Current sinked by a single 


1/0 port 
Port A 
SOmA 
Port B or Port C 
100 mA 


"Notice: Stresses above those listed under"Maximum 
Ratings" 


may cause permanent 
damage to the device. 
This is a stress 


rating only and functional operation olthe device at those or any 


other conditions above those indicated in the operation listings 


of this specification 
is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 


Notes: 1. Total power dissipation should not exceed 800 
mW for the package. 
Power dissipation 
is 
calculated as follows: 
Pdis= Voox(loo 
-L loh}+ L«Voo-Voh) 
x loh} 


+ L(Vol x 101) 


Name 
Function 
Observation 


RAO- RA3 
1/0 PORT A 
4 inouVoutput lines. TTL input buffers. 


RBO - RB7 
1/0 PORTB 
8 inpuVoutput lines. TTL input buffers. 


RCO - RC7 
IIOPORTC 
8 inpuVoutput lines. TTL input buffers. 


RTCC 
Real Time Clock/Counter 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and to 
reduce current consumption. 


MCLR 
Master Clear 
Schmitt TriPtger Input. 
A "Low" vo tage on this input generates a RESET condition. 
A rising voltage triggers the on-Chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directlv, or via a pull-up resistor, to Voo. 


OSC1/CLKIN 
Oscillator (input)/Extemal 
"XT", "HS" and "LP" devices: Input terminal for crystal, 


Clock Input 
ceramic resonator, or external clock generator. 
"RC" devices 
: Driver terminal for extemal RC combination 
to establish oscillation. 


OSC2ICLKOUT 
Oscillator (output) 
For 'XT", "HS" and "LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to this 
output. 
Leave open if external clock generator is used. 


For "RC" devices: 
A "CLKOUT" signal with a frequency of 


1/4 Fosc1is put out on this Din. 
Voo 
Power supply 
Vss 
Ground 
NlC 
No (internal) Connection 
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17.2 
DC CHARACTERISTICS: 
PIC16CR57A-04 
PIC16CR57 A-1 0 
PIC16CR57 A-20 


(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40'C S TA S +125'C for automotive, 
-40'C S TA S +85'C for industrial and 
O'C S TA S +70'C for commercial 


3.0 
6.25 
V 
XT, RC and LP options 
4.5 
5.5 
V 
HS option 
1.5 
V 
Device in SLEEP m 
RAM Data Retention 
Voltage (Note 3) 
Voo start voltage 
to 


guarantee 
power on reset 


Voo rise rate to guarantee 
weron 
reset 


Supply Current 
(Note 2) 


osc 
4 
optl 
- 
0 MHz, Voo = 5.5V 
= 20 MHz, Voo = 5.5V 
option, Commercial 
Fosc= 32 KHz, voo = 3.0V, WDT disabled 
LP option, Industrial 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 
Power Down Current 
(Note 4) 
WDTenabled 
Voo = 3.0V, Commercial 
voo = 3.0V, Industrial 
Voo = 3.0V, Commercial 
Voo= 3.0V, Industrial 


• These parameters are bas 
o~ 
c 
ization and are not tested. 
Note 1: 
Data in the 
mn 
el 
'Typical' 
is based on characterization 
results at 25·C. This data is for design 


guidance 
y ~ 
is 
ot 
ted for, or guaranteed by Microchip Technology. 
Note 2: 
The supply 
rren 
IS mainly a function of the operating voltage and frequency. 
Other factors such as bus 


loading, oscilla 
ty 
, bus rate, internal code execution pattern, and temperature also have an impact on the 
current 
consumpt on. 


a) The test conditions for all 100 measurements in active operation mode are: 


OSC1 =extemal square wave, from rail to rail; all 110 pins tristated, pulled to Voo, RT = Voo, MClR 
= Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 


Note 3: 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 


Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all 110 pins in hi-impedence state and tied to Voo and Vss. 


Note 5: 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


~ [f®~ 0 UiJi) 0 !Jl)tID[fW 


2-209 


•• 


PIC16CR57A 


DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40"C $ TA $ +125"C for automotive, 
-40"C $ TA $ +85"C for industrial and 
O'C s TA $ +70'C for commercial 


Characteristic 
Sym 
Mln 
Typ * 
Max 
Units 
CondUlons 


Supply Voltage 
Voo 
2.5 
6.25 
V 
XT, RC and LP options 
4.5 
5.5 
V 
HS option 
RAM Data Retention 
VOR 
1.5 
V 
Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to 
VPOR 
Vss 
V 
See section 13.1 for 
guarantee 
power on reset 
reset 
Voo rise rate to guarantee 
Svoo 
0.05" 
V/ms 
See section 1 
n power on 


power on reset 
reset 
Supply Current 
(Note 2) 


100 


Power Down Current 
(Note 4) 
WDTenabled 


, Voo=5.5V 


. 
,Commercial 
Fosc 
2 KHz, Voo = 2.5V, WDT disabled 


option, Industrial 
osc= 32 KHz, 
Voo = 2.5V, WDT disabled 


Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 
Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 


" These parameters are based o~n. 
'0 
and are not tested. 


Note 1: 
Data in the colu 
lab I 
'Ty' 
ai' is based on characterization 
results at 25"C. This data is for design 


guidance only 
d Qo 
e 
e 
for, or guaranteed by Microchip Technology. 
Note 2: 
The supply 
t is 
a 
a function of the operating voltage and frequency. 
Other factors such as bus 


loading, 
c~to. 
s rate, internal code execution pattern, and temperature also have an impact on the 


curren 
co~ 
Ion. 


a) The te 
co 
itions for all 100 measurements in active operation mode are: 


OSC1 = exte 
square wave, from rail to rail; all 1/0 pins tristated, pUlled to Voo, RT = Voo, MCLA = Voo; WDT 


enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 


Note 3: 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 


Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all VO pins in hi-impedence state and tied to Voo and Vss. 


Note 5: 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = VoDl2Rext 
(rnA) with Rext in kOhm. 
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PIC16CR57 A-04 
PIC16lCR57 
A-04 
PIC16CR57A-10 
PIC16CR57 A-20 


(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
ALL PINS EXCEPT POWER SUPPLY 


Standard 
Operating 
Conditions 
Operating temperature 
-40·C S TA S +SS·C for industrial and 
O·C S TA S +70·C for commercial 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 1) 
• 


Input Low Voltage 
I/O ports 
VIL 
Vss 
0.2 Voo 
Pin at hi-impedance 


MCtR 
~hmitt 
trigger) 
Vss 
0.15 Voo 
RTCC ( 
hmitt trigger) 
Vss 
0.15 Voo 


OSCl 
(Schmitt trigger) 
Vss 
0.15 Voo 


OSCl 
Vss 
0.3 Voo 
Input High Voltage 
1/0 ports 
VIH 
0.45 Voo 
Voo 
2.0 
Voo 
0.36 Voo 
Voo 


MCtR 
(Schmitt trigger) 
0.85 Voo 


RTCC (Schmitt trigger) 
0.85 Voo 


OSCl (Schmitt trigger) 
0.85 Voo 
RC option only (Note 5) 


OSCl 
0.7 Voo 
XT, HS and LP options 


Input Leakage Current 
For Voo S 5.5V 


(Note 4) 
1/0 ports 
ilL 
-1 
llA 
Vss S VPINS Voo, 
Pin at hi-impedance 


MCtR 
-5 
llA 
VPIN= Vss + 0.25V (Note 3) 
MCtR 
+5 
llA 
VPIN= Voo (Note 3) 


RTCC 
+3 
llA 
Vss S VPINS Voo 


OSCl 
+3 
llA 
Vss S VPIN:s; Voo , 
XT, HS and LP 0 tions 
Output 
Low Voltage 
1/0 Ports 
0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 


OSC2ICLKOUT 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 


(RC option only) 
Output 
High Volta 


1/0 Ports (Note 4 
V 
IOH= -5.4 mA, Voo = 4.5V 


OSC2ICLKO )0 
V 
IOH= -1.0 mA, Voo = 4.5V 


(RC option 0 


Note 1: Data inthe co 
mn labeled 'Typical' is based on characterization results at 25· C. This data is for design guidance 


only and is not tested for, or guaranteed by Microchip Technology. 
Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 


Note 3 : The leakage current on the MCtR 
pin is strongly dependent on the applied voltage level. The specified levels 


represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : In RC oscillator mode, the OSCl pin is a Schmitt trigger input. It is not recommended that the PIC16CR57A be 


driven with extemal clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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PIC16CR57A 


17.5 AC CHARACTERISTICS: 
PIC16CR57 A-04 
(COMMERCIAL, 
INDUSTRIAL) 


PIC16lCR57 
A-04 (COMMERCIAL, 
INDUSTRIAL) 


PIC16CR57A-10 
(COMMERCIAL, 
INDUSTRIAL) 


PIC16CR57 A-20 
(COMMERCIAL, 
INDUSTRIAL) 


AC 
CHARACTERISTICS 
Standard 
Operating 
Conditions 
Operating 
temperature 
-40'C ~ TA ~ +85'C for industrial 
and 
O'C ~ TA ~ +70'C for commercial 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 


(Note 1) 


External CLOCKIN 
Fosc 
DC 


Frequency (Note 2) 
DC 


DC 


DC 


Oscillator 
Frequency 
Fosc 
DC 


(Note 2) 
0.1 


4 


DC 


Instruction Cycle Time 
lcv 
1.0 


(Note 2) 
1.0 


0.2 
100 


External Clock In liming 


(Note 4) 


Clock in (OSC1) High or Low lime 
Xl oscillator type 
ICKHLXT 
50· 


LP oscillator type 
ICKHLLP 
HS oscillator 
type 
ICKHLHS 


Clock in (OSC1) Rise or Fall lime 
Xl oscillator type 
LP oscillator type 


HS oscillator type 


RESET liming 


MCLR Pulse Width 
low) 
ns 
RTCC Input Timing, 
No Prescale 


RICC High Pulse Width 
ns 
Note 3 
RICC Low Pulse Width 
ns 
Note 3 
RTCC Input Timing, 
W' 


RICC High Pulse W' 0 
10· 
ns 
Note 3 
RICC Low Pulse 
I 
h 
10· 
ns 
Note 3 
RICC Period 
TCY+40 
ns 
Note 3. Where N = prescale 


N 
value (2,4, ..., 256) 
Watchdog Timer Timeout Period 


(No Prescaler) 
IWOT 
9· 
18· 
30· 
ms 
Voo = 5.0V 
Oscillation 
Start-up Timer Period 
lOST 
9· 
18· 
30· 
ms 
Voo = 5.0V 


• Guaranteed by Characterization, 
but not tested. 
(Cont. on next page) 
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17.5 AC CHARACTERISTICS: 
(Cont.) 
PIC16CR57A-04 
(COMMERCIAL, 
INDUSTRIAL) 
PIC16LCR57 A-04 (COMMERCIAL, 
INDUSTRIAL) 
PIC16CR57A-10 
(COMMERCIAL, 
INDUSTRIAL) 
PIC16CR57A-20 
(COMMERCIAL, 
INDUSTRIAL) 


AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
Operating 
temperature 
-40'C 
~ TA ~ +85'C 
for industrial 
and 
O'C ~ TA ~ +70'C 
for commercial 


110TIming 
110pin inputvalid before 
CLKoUTi 
(RC Mode) 


I/O pin input holdafter 
CLKoUTi 
(RC Mode) 


I/O pin outputvalid after 
CLKOUTJ. (RC Mode) 


110pin inputvalid beforeosci 
(I/O setuptime) 
OSC1i to VO pin inputvalid 


(VO hold time) 
OSC1i to VO pin outputvalid 


osc1i 
to CLKOUTlow 


OSC1i to CLKOUThigh 


1/0 pin input valid beforeCLKOUThigh 
CLKOUTlow to VO valid 
CLKOUTrise time 
CLKOUTfall time 
I/O pin output risetime 
110pin output fall time 
Capacitive Loading Specs on Output Pins 
OSC2 pin 


Mln 
Typ 
(Note 1) 


TioV2osH 


TosH2iol 
TBD 
13 
TBD 


Voo =5.0V 


Voo=5.0V 


Voo = 5.0V 
Voo = 5.0V 


Voo = 5.0V 


Voo=5.0V 
Voo=5.0V 


Voo=5.0V 


Voo=5.0V 


In XT, HS or LP modeswhen 
extemalclock is usedto drive 
OSC1 


Note 1. Data in t 
c~n 
I be 
'Typical' 
is based on characterization 
results at 25·C. This data is for design guidance 


only and i 
ot t 
ted for, or guaranteed 
by Microchip 
Technology. 


Note 2. Instruction 
cy 
e 
riod (Tcy) equals four times the input oscillator 
time base period. 
All specified valu 
s are based on characterization 
data forthat 
particular 
oscillator type under standard operating 


conditions 
with the device executing 
code. 
Exceeding 
these specified 
limits may result in an unstable oscillator 


operation 
and/or higher than expected 
current 
consumption. 
All devices 
are tested to operate at 'min.' 
values 
with an extemal 
clock applied to the OSCl 
pin. 


When an extemal 
clock input is used, the 'Max.' 
cycle time limit is 'DC' 
(no clock) for all devices. 
Note 3. For a detailed 
explanation 
of RTCC 
input clock requirements 
see section 
4.2.1. 
Note 4. Clock-in 
high-time 
is the duration 
for which clock input is at VIHOSC 
or higher. 


Clock-in 
low-time 
is the duration 
for which clock input is at VILOSC 
or lower. 


Note 5. This HS specification 
is only for the -20 device. 
The -10 device has a maximum 
of 10 MHz and the -04 device 


has a maximum 
of 4 MHz. 
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FIGURE 17.2 - 
ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 
FIGURE 17.1 - ELECTRICAL STRUCTURE OF 
I/O PINS (RA, RS, and RC) 


Notes to Figures 17.1 and 17.2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri- 
cal overstress). 
Ain is a small resistance to further protect the 


input buffer from ESD. 
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18.0 TIMING DIAGRAMS 


FIGURE 18.1· RTCC TIMING 
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Notes: 
1. All timings are tested with spedfHld capacitive loads 
2. CLKOUT 
is available only in AC oscillator mode 
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Microchip part number information 
Customer spec~ic information· 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information . 


• Standard OTP marking consists of Microchip part number, year code, week code, 


facility code, mask rev #, and assembly code. 
For OTP marking beyond this, 


certain price adders apply. Please check with your Microchip Sales Office. 
For 
aTP devices, any special marking adders are incuded in aTP price. 


MM 
M 
XX 
X 


AA 
BB 
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Absolute maximum ratings 
28 
AC characteristics (04.10.20) COMIIND 
32.33 
Block diagrams: 


Chip 
4 
1/0 Pin 
13 
Power On Reset 
23 
RTCC (Simplified) 
7 
RTCC & WDT 
17 
Brown-out protection circuit 
22 
Code protection 
25 
Configuration fuses 
25 
Data memory map 
7 
DC characteristics (04.10,20) COMIIND 
29-31 
Development tools 
26,27 
External power on reset circuit 
22 
Features overview 
1 
File register descriptions 
INDF 
6 
RTCC 
6 
PC 
9 
STATUS 
12 
FSR 
12 
1/0 ports 
14 


10 locations 
25 
Indirect addressing 
6 


Instruction set 
18.19 
OPTION register 
17 
Oscillator 
20-22 
Oscillator Start-up Timer 
22 
OTP devices 
6 
Package information 
37 
~e 
select (Program memory) 
7 
PO bit 
11,12 
Pin-out information 
1.28 
Power Down mode (SLEEP) 
25 
Power-On Reset 
22-24 
Prescaler (RTCCIWDT) 
15.16 
Program Counter 
9.10 
Program memory map 
10 
Programming information 
26 
aTP devices 
6 
Real Time Clock/Counter (RTCC) 
8.9.17.18 
RESET 
17 
SLEEP 
25 
Stack 
9 
Status register 
9 
Timing diagrams 
1/0 pin 
14.35 
Oscillator Start-up timing 
35 
Power On Reset 
23,24 
RTCC timing 
6.7.34 
TO bit 
10 
TRIS registers 
15 
UV Erasable devices 
5 
W register 
15 
WDT 
20 


~U'®~ 
0 lfiJil 0 UiJ®U'W 


2-218 


Connect world wide to the Microchip BBS using the 
CompuServe communications network. 
In most cases 


a local call is your only expense. 
The Microchip BBS 


connection 
does not use CompuServe 
membership 


services, therefore you 
do not need CompuServe 


membership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 


agent for details if you have a problem. 
CompuServe 


services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 


(8N1). This is not the normal CompuServe setting 
which is 7E1. 


3. Depress <ENTER> and a garbage string will appear 


because CompuServe is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 


nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closestto you, set your modem to 7E 1and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. 
After the system responds with Host 


Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 


tions. 


For voice information 
(or calling from overseas), you 


may call (614) 457-1550 for your local CompuServe 
number. 
Trademarks: 


PIC is a registered 
trademark 
of Microchip 
Technology 


Incorporated in the U.S.A. 


The Microchip logo and name are trademarks 
of Microchip 


Technology 
Incorporated. 


PICMASTER, PRO MATE and PICSTART are trademarks of 
Microchip Technology 
Incorporated. 


IBM PC and AT are registered trademarks 
of IBM Corpora- 


tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe 
is a registered trademark 
of CompuServe 
Inc. 


All other trademarks 
mentioned 
herein are the property of 


their respective companies. 
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PIC16CR57A 
Product 
Identification 
System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO•• xx X /XX xxxIi 


3-Dign Pattem Code for QTP (factory spec~ied) 
(blank for OTP and Windowed Parts) 


P 
= 
PDIP (300 or 600 mil) 
SO = 
SOIC (Gull Wing, 300 mil body) 
SS 
SSOP (209 mil) 


TemperlltUre 
Range: 
O' C tl +70'C (T for tapelreel) 


-40' C tl +85'C (S tor tapelreel) 


04 
4MHz 
10 
10MHz 
20 
20MHz 


Frequency 
Range: 


PIC16CR57A 
: Standard Voo range 
PIC16lCR57A: 
Extended Voo range 


Examples: 
a) PIC16CR57A - 04lP301 
= Commercial temp., 
PDIP package, 
4 MHz, standard Voo limns, 
QTP pattem II 301 
b) PIC16lCR57A 
- 04I/S0495 
= Industrial temp., 
SOIC package, 
4 MHz, extended Voo limits 
c) PIC16CR57A· 
2011P351 
= Industrial temp., 
PDIP package, 
20 MHz, standard Voo limits 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine ~ an errata sheet exists for a particular device, please contact one of the following: 


1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate liIerature Center 
U.S. FAX: (602) 786-7277 
3. 
The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which deVice, revision of silicon and Data Sheet (include liIerature II) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call1-8QO-755-2345 or 1-602-786-7302. 
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PIC16C64 


FEATURES 


High-performance 
RiSe-like 
CPU 
• Only 35 single word instructions to learn 
• All single cycle instructions (200ns) except for pro- 
gram branches which are two-cycle 
• Operating speed: 
DC - 20 MHz clock input 
DC - 200ns instruction cycle 
• 14-bit wide instructions and 8-bit wide data path 
• 2048 x 14 on-chip EPROM program memory 
• 128 x 8 general purpose registers (SRAM) 
• Interrupt capability 
• 33 special function hardware registers 
• Eight-level deep hardware stack 
• Direct, indirect and relative addressing modes 
Peripheral 
Features 
• 33 I/O pins with individual direction control 
• High current sink/source for direct LED drive 
• One pin that can be configured as capture input, 
PWM output, or compare output 
- Capture is 16-bit, max resolution 200ns 
- Compare is 16-bit, max resolution 200ns 
- PWM resolution is 1-to 10-bit. 8-bit resolution gives 
80 KHz maximum frequency and 10-bit resolution 
gives 20 KHz maximum frequency 
• TMR 1: 16-bit timer/counter 
(time-base for capture! 
compare) 
• TMR2: 8-bit timer/counter 
with 8-bit period register 
(time-base for PWM), prescaler and postscaler 
• TMRO: 8-bit timer/counter 
with 8-bit programmable 
prescaler 
• ParaJ!gLSlave-.E.ort (PSP): 8-bit wide, with external 
RD, WR and CS controls (microprocessor bus inter- 
face) 
• Synchronous 
serial port (SSP) with two modes of 
operation: 
- 3-wire SPI 
- 12C™/ACCESS.busTMcompatible 
Special Mlcrocontroller 
Features 
• Power-On Reset (POR) 
• Power-up Timer (PWRT) 
• Oscillator Start-up Timer (OST) 
• Watchdog 
Timer (WDT) with its own on-chip 
RC 
oscillator for reliable operation 
• Security EPROM fuses for Code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options: 
(RC oscillator, Standard crystaVresonator, High-speed 
crystaVresonator, Low frequency crystal) 
• Serial in-system programming (via two pins) 
CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range (2.5V to 6.0V) 
• Commercial,lndustrial, 
and Automotive Temp. Range 
• Low-power consumption 


- 
<2mA@ 
5V, 4 MHz 


- 
15~ 
typical @ 3V, 32 KHz 


- 
< 1~A typical standby current 


PDIP. 
MCLlWPI'- 
Windowed 
AAO_ 
RA,_ 
CERDIP 
RA2_ 
RA3- 
RMfTOClO- 
RASiSS--- 
RE1iiiR __ 


RE:2ICS •...• 
voo_ 
.ss_ 
OSC11C1KIN 
__ 


OSC2IClKOUT 
_ 
ACaTOOSOfT1CKJ 
__ 


RC11TOOS1 .•••. 
RC2JCCI"_ 
~KISCL_ 
AOOIPSPO_ 
R01/PSP1 __ 


1 
...., 
•• 
2 
311 
3 
311 
• 
'IT 


5 
36 
• 
35 


7 
." 
34 
• 
0 
3l 
• 
32 
,. ..• 
31 
0) 
11 
0 
30 
12 
0) 
29 


13 
~ 
'" 
,. 
27 
15 
'" 
,. 
25 


17 
•• 
,. 
23 
,. 
22 
20 
21 


__ 
RS7 


-AB8 
-A85 
-A54 
-AB3 
-AB2 
--RB1 
-"""'NT 
-voo 
-.ss 
--RD7/PSP7 
-ADe1PSP6 
_AIl5IPSP5 
-A04IPSP. 
-AC7 
-fa 
_AC5ISOO 


-- 
RC4ISOllSDA 
--RD:)'PSP3 
--R02IPSP2 


l 


~~<~~():Dll!:ll<li() 
ir,a::a:a:~za:a:a:a::z 
III 
II 
1111 


OSC1ICLKIN - 
OSC2ICLKOUT - 


RCOiTOOSO/T1CKJ 
- 
He 


-AB3 
-A52 
_RB1 
- 
RBtVlNT 
-voo 
-v •• 
- 
AD7IPSP7 
- 
RlJllIPSPe 
_ 
RD5IPSP5 
- 
R04IPSP4 


-RC7 


RM/TOCI(l- 
7 
AA5ISS 
- 
8 
AEOIIm- 
• 
RE1J'im- 
10 


- 
RE2JCS 
- 
11 
Voo- 
12 
Vss_ 
13,. 


15 
18 
17 


NC 
- 
RCO(T()()S()(T1CKf 


- 
OSC2JOJ(OUT 
- 
OSC11ClK1N 
-.. 
_Voo 
- 
AE2IC!l 
- 
RE1tWJi 


- 
AEOIAli 
- 
RASiSS 


- 
AMlTOCI<J 
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The PIC16C64 is the first 4- pin member of the versatile 
PIC16CXX family of low-cost, high-performance, CMOS, 
fully static. EPROM-based 8-bit microcontrollers. 


All PIC16CXX microcontrollers 
employ an advanced 
RISC-like architecture. 
The PIC16CXX has enhanced 
core features, 8-level deep stack, and multiple intemal 
and external interrupt sources. The separate instruction 
and data buses of the Harvard architecture allow a 14- 
bit wide instruction word with the separate 8-bit wide 
data. 
The two stage instruction 
pipeline allows all 
instructions to execute in a single cycle, except for 
program branches (which require two cycles). A total of 
35 instructions (reduced instruction set) are available. 
Additionally, 
a large register set gives some of the 
architectural innovations used to achieve a very high 
performance. 
PIC16CXX 
microcontrollers 
typically 
achieve a 2:1 code compression 
and a 4:1 speed 
improvement 
over other 8-bit microcontrollers 
in its 
class. 
The PIC16C64 has 128 bytes of RAM and 33 I/O pins. 
In addition, the PIC16C64 adds several peripheral fea- 
tures useful in many high performance 
applications 
including; three timer/counters, capture, compare, PWM 
features and serial ports. The synchronous serial port 
can be configured as either a 3-wire SPI or I'C. An 8-bit 
Parallel slave port is also provided. 


The PIC16C64 has special features which reduce exter- 
nal components, thus reducing cost, enhancing system 
reliability and reducing power consumption. 
There are 
four oscillator options, of which the single pin RC oscil- 
lator provides a low-cost solution, the LP oscillator 
minimizes power consumption, XT is a standard crystal, 
and the HS is for High-Speed crystals. 
The SLEEP 
(power- down) mode offers power saving. The user can 
wake up the chip from SLEEP through several extemal 
and internal interrupts and reset. 


A highly reliable watchdog timer with its own on-Chip RC 
oscillator provides protection against software malfunc- 
tion. 


A UV-erasable cerdip-packaged version is ideal for code 
development 
while the cost-effective 
One Time Pro- 


grammable (OTP) version is suitable for production in 
any volume. 


Table 1-1 shows the features olthe PIC16C64 as well as 
the other members of the PIC16CXX enhanced core 
family. 


A simplified block diagram of the PIC16C64 is shown in 
Figure 3-1. 


The PIC16C64 fits perfectly in applications ranging from 
high speed automotive and appliance motor control to 
low-power 
remote sensors, 
keyboards 
and telecom 
processors. The EPROM technology makes customiza- 
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages for through 
hole or surface 
mounting 
make this microcontroller 
series perfect for all applications with space limitations. 
Low-cost, low-power, high performance, ease of use 
and I/O flexibility make the PIC16C64 very versatile 
even in areas where no microcontroller 
use has been 
considered before (e.g. timer functions, replacement of 
"glue" logic in larger systems, co-processor 
applica- 
tions). 


1.1 Family and Upward Compatibility 


Those users familiar with the PIC 16C5X family of micro- 
controllers will realize that this is an enhanced version of 
the PIC16C5X architecture. 
Please refer to Appendix A 
for a detailed list of modifications. 
Code written for 
PIC16C5X can be easily ported to PIC16CXX family of 
devices (see Appendix B). 


1.2 Development Support 


The PIC16CXX family is supported by a full-featured 
macro assembler, 
a software simulator, an in-circuit 
emulator, a low-cost development 
programmer and a 
production quality programmer. 
A 'C' 
compiler and 
fuzzy logic support tools are in development. 
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PIC16C74t 
PIC16C64 
PIC16C71t 
PIC16C84t 


Maximum Frequency of Operation 
20 MHz 
20 MHz 
" 
16 MHz 
10 MHz 
I EPROM 
4K 
2K 


••••••••••••• 
1K 
- 
Program Memory (14-bit wide) I 
EEPROM 
- 
- 
1K 


Data Memory (bytes) 
192 
128 
36 
36 


Data EEPROM (bytes) 
- 
· 
- 
64 


Timer 0 (8-bit + 8-bit prescaler) 
Yes 
Yes 
> 
Yes 
Yes 


Timer 1 (16-bit) 
Yes 
Yes .• 
- 
- 


Timer 2 (8-bit) 
Yes 
Yes 
- 
- 


Capture/Compare/PWM 
Module(s) 
2 
1 
- 
- 


Synchronous Serial Port (SPIII2C) 
Yes 
Yes 
- 
- 


Serial Communications 
Interface (USART) 
Yes 
· 
- 
- 


Parallel Slave Port 
Yes 
- 


Analog to Digital Converter (8-bit) 
8ch. 
· 
4ch. 
- 


Power On Reset 
Yes H: 


Yes 
Yes 


Watchdog Timer 
Yes 
Yes 
Yes 


Extemallnterrupts 
Yes 
bY:s 
Yes 
Yes 


Interrupt Sources 
12 
4 
4 


Program Memory Code Protect 
Yes 
Yes 
Yes 
Yes 


1/0 
33 
33 
13 
13 


1/0 High Current Capability 
I Source 
25mA 
25mA 
20mA 
20mA 
I Sink 
25mA 
25mA 
25mA 
25mA 


40-pin DIP, 4.DIP, 
18-pin DIP 
18-pin DIP 
Package Types 
44-pin PLCC, 
#pin 
PlCC, 
18-pin SOIC 
18-pin SOIC 
44-pin PQFP 
44-pin POFP 
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PIC16C64 


2.0 
PIC16C64 
DEVICE VARIETIES 


A variety of frequency ranges and packaging options are 
available. 
Depending 
on application 
and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the "PIC 16C64 Product Iden- 
tification System" on the back page of this data sheet to 
specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes etc. Microchip's 
PICSTARfTM and PRO MATE 
N programmers supports 
programming of the PIC16C64. 


2.2 One-Time-Programmable 
(OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. 
In addition to the 
program memory, the configuration fuses must be pro- 
grammed. 


2.3 Quick-Turnaround-Production 
(QTP) 
Devices 


Microchip offers a QTP Programming Service for factory 
production orders. 
This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code pattems have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. 
Please contact your Microchip 
Technology sales office for more details. 


2.4 Serialized Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
a few user defined locations in each device are pro- 
grammed 
with different 
serial numbers. 
The serial 
numbers may be random, pseudo-random or sequen- 
tial. 


Serial programming allows each device to have a unique 
number which can serve as an entry-eode, password or 
10 number. 


The high performance of the PIC16CXX family can be 
attributed to a number of architectural 
features com- 


monly found in RISC microprocessors. 
To begin with, 


the PIC16CXX uses a Harvard architecture, 
in which, 


program and data are accessed from separate memo- 
ries. This improves bandwidth 
over traditional 
Von- 


Neuman 
architecture 
where 
program 
and data are 
fetched from the same memory. 
Separating program 
and data memory further allows instructions to be sized 
differently than a-bit wide data word. 
Instruction op- 


codes are 14-bit wide making it possible to have all 
single word instructions. A 14-bit wide program memory 
access bus fetches a 14-bit instruction in a single cycle. 
A two-stage pipeline overlaps fetch and execution of 
instructions (see Figure 3-1). Consequently, all instruc- 
tions (35) execute in a single cycle (200ns @ 20 MHz) 
except for program branches. 


The PIC16C64 addresses 2K x 14 program memory 
space, all on-chip. Program execution in microcontroller 
mode is intemal only. 


The PIC16CXX can directly or indirectly address its 
register files or data memory. 
All special function 
registers including the program counter are mapped in 
the data memory. The PIC16CXX has a fairly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad- 
dressing mode. This symmetrical 
nature and lack of 
'special optimal situations' make programming with the 
PIC16CXX simple yet efficient. In addition, the leaming 
curve is reduced significantly. 


The PIC16CXX device contains an a-bit ALU and work- 
ing register. 
The ALU is a general purpose arithmetic 
unit. 
It performs arithmetic and Boolean functions be- 


tween data in the working register and any register file. 


The ALU is a-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. 
Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. 
In two-operand 
instructions, 
typically one 
operand is the working register (W register). The other 
operand is a file register or an immediate constant. 
In 
single operand instructions, the operand is either the W 
register or a file register. 


The W register is an a-bit working register used for ALU 
operations. 
It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow out bit in subtraction. 
See the 
SUBLW and SUBWF instructions for examples. 


A simplified block diagram is shown in Figure 3-1, with a 
description of the device pins in Table 3-1. 
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EPROM 


Program 
Memory 
2Kx 14 


Power-up 
Timer 


Oscillator 
Start-up 
Timer 


Power-on 


Reset 


Watchdog 


Timer 


~ 
~ 
MCLR 
Voo, 
Vss 


RAM 
File 


Registers 
128x8 


RCOfT1CKI 


RC11T1CKO 


RC2ICCP1 


RC3ISCKlSCL 


RC4ISDVSDA 


RC5ISDO 


RC6·RC7 
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Pin 


Name 
DIP PLCC 
PQFP 
VO/P 
Buffer 
Description 
No. 
No. 
No. 
Type 
Type 


OSC1/CLKIN 
13 
14 
30 
I 
CMOS 
Oscillator crystal input/external clock source input. 


OSC2ICLKOUT 
14 
15 
31 
0 
- 
Oscillator c;rcstal output. 
Connects to c~stal or resonator in 


c~stal 
oscil ator mode. In RC mode, 0 
C2 gin outputs 


C KOUT which has 1/4 the frequency of OS 
1, and denotes 


the instruction cycle rate. 
-- 
MCl.RNpp 
1 
2 
18 
liP 
ST 
Master clear (reset) inpuVprogramming voltage input. This 
pin is an active low reset to the device. 


PORTA is a bidirectional 1/0 port. 
RAO 
2 
3 
19 
1/0 
TIL 


RA1 
3 
4 
20 
1/0 
TIL 


RA2 
4 
5 
21 
1/0 
TIL 


RA3 
5 
6 
22 
1/0 
TIL 


RA4fTOCKI 
6 
7 
23 
1/0 
ST 
Can also be selected to be the clock input to the TMRO 
- 
timer/counter. 
Output is open collector type. 


RA5ISS 
7 
8 
24 
110 
TIL 
Can also be the slave select for the synchronous serial 
port. 


PORTB is a bidirectional 1/0~rt. 
Port B can be software 


programmed for internal we 
pull-up on all inputs. 


RBOIINT 
33 
36 
8 
110 
TIUSTt 
RBOIINT can also be selected as an external interrupt pin. 


RB1 
34 
37 
9 
1/0 
TIL 


RB2 
35 
38 
10 
1/0 
TIL 


RB3 
36 
39 
11 
1/0 
TIL 


RB4 
37 
41 
14 
1/0 
TIL 
Interrupt on change pin. 


RB5 
38 
42 
15 
1/0 
TIL 
Interrupt on change pin. 


RB6 
39 
43 
16 
1/0 
TIUST:j: 
Interrupt on change pin. Serial programming clock. 


RB7 
40 
44 
17 
110 
TIUST:!: 
Interrupt on change pin. Serial programming data. 


PORTC is a bidirectional 1/0 port. 


RCOfTOOSO 
15 
16 
32 
1/0 
ST 
RCOfT1CKI can also be selected as a Timer1 clock! 


fT1CKI 
oscillator input. 


RC1fTOOSI 
16 
18 
35 
1/0 
ST 
RC1fT1CKO can also be selected as a Timer1 oscillator 
output. 


RC2ICCP1 
17 
19 
36 
110 
ST 
RC2ICCP1 can also be selected as a capture1 inpuV 
compare1 outpuVPWM1 output. 


RC3ISCKlSCL 
18 
20 
37 
110 
ST 
RC3ISCKlSCL can also be selected as the synchronous 
serial clock for both SPI and 12Cmodes. 


RC4/SDIISDA 
23 
25 
42 
110 
ST 
RC4/SDIISDA can also be selected as the SPI Data In 
(SPI mode) or data 1/0 WC mode). 


RC5/SD0 
24 
26 
43 
1/0 
ST 
RCs/SDO can also be selected as the SPI Data Out (SPI 
mode). 


RC6 
25 
27 
44 
1/0 
ST 


RC7 
26 
29 
1 
1/0 
ST 


Legend: 
I = input, 
0 = output, 
I/O = inpuVoutput, 
P = power; 


- 
= Not used, 
TIL 
= TTL input, 
ST = Schmitt trigger input 
t This buffer is a Schmitt triger input when configured as the external interrupt. 
:I: This buffer is a Schmitt Trigger input when used in serial programming 
mode. 
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Pin 


Name 
DIP 
PLCC 
PQFP 1/01P 
Buffer 
Description 
No. 
No. 
No. 
Type 
Type 


PORTO is a bidirectional 1/0 port or parallel slave port for 


RDOIPSPO 
19 
21 
38 
1/0 
STITTL§ 


interfacing to a microprocessor bus. 


R01/PSPl 
20 
22 
39 
1/0 
STITTL§ 


R02lPSP2 
21 
23 
40 
1/0 
STITTL§ 


R03lPSP3 
22 
24 
41 
1/0 
STITTL§ 


R04/PSP4 
27 
30 
2 
1/0 
STITTL§ 


R05lPSP5 
28 
31 
3 
110 
STITTL§ 


RD6IPSP6 
29 
32 
4 
1/0 
STITTL§ 


R07/PSP7 
30 
33 
5 
1/0 
STITTL§ 


- 
REO/AD 
8 
9 
25 
1/0 
STITTL§ 
Bidirectional 
1/0 pin or read control for parallel slave port. 


- 
REltwR 
9 
10 
26 
1/0 
STITTL§ 
Bidirectional 
1/0 pin or write control for parallel slave port. 
- 
RE2!CS 
10 
11 
27 
1/0 
STITTL§ 
Bidirectional 
1/0 pin or select control for parallel slave port. 


Vss 
12,31 
13,34 
6,29 
P 
- 
Ground reference for logic and 1/0 pins. 


Voo 
11,32 
12,35 
7,28 
P 
- 
Positive supply for logic and 1/0 pins. 


NC 
- 
1,17 
12,13 
- 
These pins are not internally connected. 
These pins should 


28,40 
33,34 
be left unconnected. 


Legend: 
I = input, 
a = output, 
1/0 = input/output, 
P = power; 
- 
= Not used, 
TTL = TTL input, 
ST = SChmitt trigger input 


§ This buffer is a SChmitt trigger input when configured as general purpose 1/0 and a TTL 
input when 


used in the parallel slave port mode (for interfacing to a microprocessor 
bus). 


lPcr"®~hi7il~~~cr"3f 


2-227 


• 


, 
i} lntemaJ 
, 
Phase 


: 
Clod<s 


Q4 
~-------~,----)-------~,-----).~------~~ 
pcl 
(Program 
Counter) 
, 


OSC2/CLKOUT 
(RCMode) 


3.1 Clocking $chemel!nstruction 
Cycle 


The clock input (from pin OSCl ) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely 01, 
02, 
03 
and 04. 
Internally, the PC is 


incremented every 01, the instruction is fetched from 
the program memory and latched into the instruction 
register in 04. The instruction is decoded and executed 
during the following 01 through 04. 
The clocks and 


instruction execution flow is shown in Figure 3-2. 


3.2 Instruction FlowlPipelining 


An "Instruction Cycle" consists of four 0 cycles (01, 02, 
03 
and 04). 
The instruction fetch and execute are 


pipe lined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively 
executes 
in one cycle. 
If an instruction 


causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in 01. 


In the execution cycle, the fetched instruction is latched 
into the "Instruction Register (IRl" in cycle 01. 
This 


instruction is then decoded and executed during the 02, 
03 
and 04 cycles. Data memory is read during 02 


(operand read) and written during 04 (destination write). 


Fetch INST (PC) 


ExeaJte 
INST 
PC-1 


1. 
MOVLW 


2.MOVWF 
3. CALL 
4. BSF 


Fetch 1 
I 
Execute 1 
I 
Fetch 2 
55h 
PORTB 
SUB_1 
PORTA, BIT3 


Fetch INST 
PC+1 


Ex""". 
INST (PC) 


Execute 2 
Fetch 3 
Execute 3 
I 
Fetch 4 
,,'i. 


I Fetch SUB 
1 I 


All instructions are single cycle, except for any program branches. 
These take two cycles since the fetched 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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4.1 Program Memory Organization 


The PIC16C64 has a 13-bit program counter capable of 
addressing an 8K x 14 program memory space. Only the 
first 2K x 14 (OOOOh- 07FFh) are physically imple- 
mented. Accessing a location above 7FFh will cause a 
wrap-around within the first 2K x 14 space. The reset 
vector is at OOOOhand the interrupt vector is at 0004h 
(see Figure 4-1). 


FIGURE 4-1: 
PROGRAM MEMORY MAP 
AND STACK 


Stack level 8 


J 


ResetVector 
OOOOh 


InterruptVector 
0004 


0 
On-chip 
0005 
E ., 
., " 
::;;[ 
Program 
:;;(1) 
Memory 
07FFh 
'j 


0800h 


1FFFh 
~T 
2007h 
E ., 
ConfigurationFuses' 
~[ 
10(1)t!l.. 


FFFFh 
, In Test ProgramMemorySpace 


4.2 
Data Memory Organization 


The data memory (see Figure 4-2) is composed of the 
general purpose register file and the special registers. 
The data memory ex1ends up to 7Fh. 
The first 32 
locations are used to map special function registers. 
Locations 20h - 7Fh (Bank 0) and AOh-BFh (Bank 1) are 
general purpose registers implemented as static RAM. 
There are two register file page select bits inthe STATUS 
register allowing selection from up to four Banks. Some 
special function registers are mapped in Bank 1. 


The register file, in PIC16C64 is organized as 128x8. 
It 


is accessed either directly or indirectly through the file 
select register FSR. 


File 
address 


00 
Indirectaddr.(') 


01 
TMRO 


02 
PCl 


03 
STATUS 


04 
FSR 


05 
PORTA 


06 
PORTB 


07 
PORTC 


08 
PORTD 


09 
PORTE 


OA 
PCLATH 


OB 
INTCON 


OC 
PIR1 
OD 
OE 
OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 


1C 


1D 


1E 


1F 


20 


Indirectaddr.(') 
80 


OPTION 
81 


PCl 
82 


STATUS 
83 


FSR 
84 


TRISA 
85 


TRIS B 
86 


TRIS C 
87 


TRIS D 
88 


TRIS E 
89 


PCLATH 
8A 


INTCON 
8B 


PIE1 
8C 


8D 


8E 


8F 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 


9A 


9B 


9C 


9D 


9E 


9F 
AO 


TMR1l 


TMR1H 


T1CON 


TMR2 


T2CON 


SSPBUF 


SSPCON 


CCPR1l 


CCPR1H 


CCP1CON 


General 
Purpose 
Register 


Bank0 
Bank 1 
, Not a physical register 
I!liIUnimplementeddata memory locations;read as 'O's 
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The special registers can be classified into two sets. The 
special registers associated with the 'core' functions are 
described in this section. Those related to the operation 
of the peripheral features are described in the section of 
that peripheral feature. 


The special function registers are registers used by the 
CPU and Peripheral functions for controlling the desired 
operation of the device (see Table 4-1). These registers 
are static RAM. 


TABLE 4-1: 
SPECIAL REGISTERS FOR THE PIC16C64 


Address 
Name 
Bil7 
Bil6 
Bil5 
Bit4 
Bit 3 
Bil2 
I 
Bill 
I 
BilO 


BankO 


cot 
INDF 
Addressing 
this location 
uses contents 
of FSR to address 
data memory 
(Indirect 
Address) 
(not a physical 
register) 


01 
TMRO 
TimelQ 


02t 
PCl 
Program 
Counte(s 
(PC's) 
least 
Significant 
Byte 


03t 
STATUS 
lAP 
I 
AP1 
I 
RPO 
I 
TO 
I 
PO 
I 
z 
I 
oc 
I 
C 


04t 
FSR 
Indirect data memory 
address 
poimer 


05 
PORTA 
PortA Data Latch where written 
to PortA pins when read 


06 
PORTB 
PortB Data Latch where written 
to PortB pins when read 


07 
PORTC 
PortC Data Latch where 
written to PortC pins when read 


08 
PORTO 
PortO Data Latch where written to PortO pins when read 


09 
PORTE 
PortE Data Latch where written 
to PortE pins when read 


OAt 
PCLATH 
Buffered 
Register for the upper 5 bits of the Program 
Coomer 
(PC) 


OBt 
INTCON 
GIE 
I 
PEIE 
I 
RTIE 
I 
INTE 
I 
RBIE 
I 
RTIF 
I 
INTF 
I 
RBIF 


OC 
PIR1 
PSPIF 
I 
- 
I 
- 
I 
- 
I 
SSPIF 
I 
CCP11F 
I 
TMR21F 
I 
TMRlIF 


"qp ;; 
~ 
.... 


OE 
TMR1l 
Timer1 
least 
Significant 
Byte 


OF 
TMR1H 
Timer1 
Most Signijicant 
Byte 


10 
T1CON 
- 
I 
- 
I T1CKPS1 
I T1CKPSO 
I T10SCEN 
I TlINSYNC 
I 
TMR1CS 
I 
TMR10N 


11 
TMR2 
TImer2 


12 
T2CON 
- 
I TOUTPS3 
I TOUTPS2 
I TOUTPS1 
I TOUTPSO I TMR20N 
I 
T2CKPS1 
I 
T2CKPSO 


13 
SSPBUF 
Synchronous Serial Port Receive BufferlTransmit 
Register 


14 
SSPCON 
WCOl 
I 
sspov 
I 
SSP EN 
I 
CKP 
I 
SSPM3 
SSPM2 
I 
SSPM1 
I 
SSPMO 


15 
CCPR1l 
CaptureJCompareIDuty 
Cycle 
Register 
(lSB) 


16 
CCPR1H 
CaptureJCompareIDuty 
Cycle 
Register 
(MSB) 


17 
CCP1CON 
- 
I 
- 
I 
CCP1X 
I 
CCP1Y 
I CCP1M3 
CCP1M2 
I 
CCP1M1 
I 
CCP1MO 


Bank 
1 


sot 
INDF 
tn~r:~~lsr~~\' 
uses contents 
of FSR to address 
data memory 
(Indirect 
Address) 


81 
OPTION 
RBPU 
I 
INTEOG 
I 
RTS 
I 
RTE 
I 
PSA 
PS2 
I 
PS1 
I 
PSO 


821 
PCl 
Program 
Counte(s 
(PC's) 
least 
Significant 
Byte 


83t 
STATUS 
1Rf' 
I 
AP1 
I 
RPO 
I 
TO 
I 
PO 
Z 
I 
DC 
I 
C 


84t 
FSR 
Indirect data memory 
address 
poimer 


85 
TRISA 
PortA Data Direction 
Register 


86 
TRISB 
PortB Data Direction 
Register 


87 
TRISC 
Porte 
Data Direction 
Register 


88 
TRISD 
PortO Data Direction 
Register 


89 
TRISE 
IBF 
I 
OBF 
I 
IBOV 
I PSPMODEI 
- 
TRISE2 
I 
TRISE1 
I 
TRISEO 


8At 
PCLATH 
Shadow 
Register for the upper 5 b~s of the Program 
Counter 
(PC) 


8Bt 
INTCON 
GIE 
I 
PEIE 
I 
RTiE 
I 
INTE 
I 
RBIE 
RTIF 
I 
INTF 
I 
RBIF 


8C 
PIE1 
PSPIE 
I 
- 
I 
- 
I 
- 
I 
SSPIE 
CCPlIE 
I 
TMR21E 
I 
TMRlIE 


;:t'%qp'L\;' 
~.#·;'iL 
;>;,Pi;; 
iCi' 
i'/:; 
." 


8E 
PCON 
- 
I 
- 
I 
- 
I 
- 
I 
- 
- 
I 
POR 
I 
- 


.•..... 
" 
.. 


AtMaMld 
. i" 
..... 
'.',ic, 
c·, 


~ 
a-Mld 


92 
PR2 
Timer2 
Period 
Register 


93 
SSPADD 
Synchronous 
Serial Port (I'C mode) Address 
Register 


94 
SSP STAT 
- 
I 
- 
I 
D/A 
I 
P 
I 
S 
RIW 
I 
UA 
I 
BF 
95 
Aa8eMlcf 


96 
ReseMld 


ff1 
Aa8eMlcf 
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4.2.2.1 
STATUS Register 


The STATUS register contains the arithmetic status of 
the ALU, the RESET status, and the page preselect bits 
for data memory. 


The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis- 
ter is the destination for an instruction that affects the Z, 
DC orC bits, then the write to these three bits is disabled. 
These bits are set or cleared according to the logic. 


Furthermore, TO and PD bits are not writable. 
There- 
fore, the result of an instruction with the STATUS regis- 
ter as destination may be different than intended. 


Forexample, CLRF STATUS will dearthe upperthree bits 
and set the Z bit. 
This leaves the status register as 
OOOUU1UU(where U = unchanged). 


It is recommended, therefore, that only BCF, BSF and 


MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 
For other instructions, affecting any status bits, see the 
'Instruction Set Summary'. 


Note 1: The IRPandRP1 bits (STAWS<7:6».are 
not used by Ule PIC16C64 and should be 
programmed as '0'. Use of thase bits as 
general purpose RIW bits is NOT recom- 
men~, 
siQOOthjs may affect upwaro 
eompatlbilitywlth 
future products. 


Note 2: The Cand DC bits operate asa borrow 
out 
bit in subtraction. 
see the SUBLW and 
$UBWF instructiQns 
for examples. 


Register. 
STATUS 
Address: 
03h or 83h 
Reset value: 
OOO??XXX 
TO, PO are set or cleared 
specially 


FWI: 
Readable 
& writable 
R 
Read only 
U 
Unimplemented, 
read as '0' 
c: 
GalTYiborrow 
bit. 


For ADDWF 
and ADDLW 
instructions. 


1 = 
A carry-out 
from the most significant 
bit of the resu~ occurred. 


Note that a subtraction 
is executed 
by adding 
the two's 
complement 
of the second 
operand. 
For rotate 
(RRF, 
RLF) 
instructions, 
this bit is loaded 
with either the high or low order bit 
of the source 
register. 
o = 
No carry-out 
from the most significant 
bit of the resu~. 


Note: 
For Borrow 
the polarity 
is reversed. 


DC: 
Digit calTYiborrow 
btt. 


For ADDWF 
and ADDLW 
instructions. 


1 = 
A calTY-out from the 4th low order 
btt of the result occurred. 
0= 
No carry-out 
from the 4th low order 
bit of the resu~. 


Note: 
For Borrow 
the polarity 
is reversed. 


z: 
Zero bit. 


1 = 
The result of an arithmetic 
or logic operation 
is zero. 
0= 
The result of an arithmetic 
or logical 
operation 
is not zero. 


PO: 
Power 
down 
bit. 


1 = 
Aner power-up 
or by a CLRWDT 
command. 


0= 
By execution 
of the SLEEP 
instruction. 


TO: 
Time-out 
bit. 


1 = 
Aner power-up 
and by the CLRWDT 
and SLEEP 
instruction. 


0= 
A watchdog 
timer 
time-out 
has occurred. 


RP<l 
:0>: 
Register 
page select 
bits for direct 
addressing. 


00 = Bank 0 (0011- 7Fh) 
01 = Bank 
1 (80h - FFh) 
10 = Bank 2 (10011 - 17Fh) 


11 = Bank 3 (18Oh -lFFh) 


Each page is 128 bytes. 


Only the RPO bit is used by the PIC16C64. 
RPl 
should 
be programmed 
as 


'0'. 
Using 
the RPl 
bit as a general 
purpose 
read/Write 
bit Is not 
recommended, 
since this may affect 
upward 
compatibility 
with Mure 
products. 


IRP: 
Register 
page select 
bits for indirect 
addressing. 


o = Bank 0,1 (OOh· FFh) 
1 = Bank 2,3 (1 ooh • 1FFh) 


The IRP btt is not used by the PIC16C64. 
IRP should 
be programmed 
as '0'. 


Use of the IRP bit as a general 
purpose 
readlwTite 
bit is not recommended. 


since this may affect 
upward 
compatibility 
with future 
products. 
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4.2.2.2 
OPTION Register 


The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the extemallNT interrupt, TMRO, 
and the weak pull-ups on PORTS. 


P/W: 
Readable & writable 
R 
Read only 
U 
Unimplemented. 
Read as '0' 


PRESCALER 
VALUE 
PS2 
PS1 
PSO 
o 
0 
0 
o 
0 
1 
010 
o 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 


TMRORATE 


1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 
1 : 256 


WDTRATE 


1 
1 


1 
2 
1 
4 
1 
8 
1 
16 


1 
32 


1 
64 
1 
128 


PSA: 
Prescaler assignment bit. 


1 ; Prescaler assigned to the WDT 
o ; Prescaler assigned to TMRO 


R1E: 
TMRO signal edge. 


1 ; Increment on high-to-low transition on RA4fTOCKI pin 
o ; Increment on low-to-high transition on RA4fTOCKI pin 


RTS: 
TMRO signal source. 


1 ; Transition on RA4fTOCKI pin 
o ; Intemal instruction cycle clock (CLKOUT) 


INTEDG: 
Interrupt edge select. 


1 ; Interrupt on rising edge 
o ; Interrupt on falling edge 


RBPU: 
Port B pull-up enable. 


1 ; Port B pull-ups are disabled overriding any port latch value 
o ; Port B pull-ups are enabled by individual port-latch values 
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4.2.2.3 
INTCON Register 


The PIC16C64 has eight sources of interrupt: 


External interrupt frorn RBO/INT pin 
TirnerO overflow 
Interrupt on change on RB<7:4> pins 
Timer1 overflow 
Timer2 matches period register 
A capture, a compare, or a PWM output is reset 
The synchronous serial port 
The parallel slave port read/write 


The interrupt control register (INTCON) records indi- 
vidual interrupt requests inflag bits. It also has individual 
and global enable bits. 
The peripheral interrupt flags 


reside in the PIR1 register (Addr OCh). 


A global interrupt enable bit, GIE (INTCON<7» 
enables 


(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their 
corresponding 
mask 
bit in INTCON 
register 


(Figure 4-5). GIE is cleared on reset. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. 
For 


external interrupt events, such as the INT pin or PORTB 
change interrupt, the interrupt latency will be 3-4 instruc- 
tion cycles. 
The exact latency 
depends 
when the 


interrupt event occurs (see Figure 12-15). The latency 
is the same for 1 or 2 cycle instructions. 
Once in the 


interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interrupt flag bit(s) must be cleared in software before re- 
enabling interrupts to avoid infinite interrupt requests . 
Individual interrupt flag bits are set regardless of the 
status of their corresponding mask bit or the GIE bit. 


The 'return from interrupt' 
instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit to re-enable 
interrupts. 


Note: The TOIF•.lNTF, Of BBrF wiUbe set by the 
$pecmeqponditlon. 
heCI:lf'l"espondlng 
Irrt~ptEtlable Bitl~. 
eoOnterrupt dis- 


abled) or the GIE bit IS cleared (aU interrupts 
disabIed). 


Register: 
INTCON 
AMI: 
Address: 
OBh or 8Bh 
Reset value: 
0000 OOOxb 
R: 
U: 


Readable & 
writable 
Read only 
Unimplemented, 
read as '0' 


RBIF: 
RB port change interrupt Ilag. 


1 ; When at least one 01the RB<7:4> inputs change. 


Must be cleared by software. 


0; 
None 01the RB<7:4> inputs have changed. 


INTF: 
External interrupt Ilag. 


1 ; The external INT interrupt has occurred. 


Must be cleared by software. 


o ; The INT interrupt did not occur 


TOIF: TMRO overflow interrupt flag. 


1 ; The TMRO has overflowed. 


Must be cleared by software. 


o ; TMRO did not overflow. 


RBIE: 
RB port change interrupt enable bit. 


1 ; Enables RBIF interrupt 
o ; Disables RBIF interrupt 


INTE: INT interrupt enable bit. 


1 ; Enables INTF interrupt 
o ; Disables INTF interrupt 


TOlE: TOIF interrupt enable M. 


1 ; Enables TOIF interrupt 
0; 
Disables TOIF interrupt 


PEIE: 
Peripheral interrupt enable bit. 


1 ; Enables all un-masked peripheral 
interrupts 


o ; Disables all peripheral interrupts 


GIE: 
Global interrupt enable. 


1 ; Enables all un-masked 
interrupts 
o ; Disables all interrupts 
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4.2.2.4 
PIEl Register 


This register contains the individual enable bits for the 
Peripheral Interrupts. 


Register. 
PIEl 
Address: 
8Ch 
Reset value: 
OOh 


ANI: 
Readable & 
writable 
R: 
Read only 
U: 
Unimplemented. 
read as '0' 


TMR1IE: 
Timerl 
interrupt enable bit. 


1 = Enables TMRllF 
interrupt. 


0= Disables TMRllF 
interrupt. 


TMR2IE: 
Timer2 interrupt enable bit. 


1 = Enables TMR21F interrupt. 
o = Disables TMR2IF interrupt. 


CCP1IE: 
CCPl 
interrupt enable bit. 


1 = Enables CCPllF 
interrupt. 


o = Disables CCPllF 
interrupt. 


SSPIE: 
Synchronous 
serial port interrupt enable bit. 


1 = Enables SSPIF interrupt. 
0= Disables SSPIF interrupt. 


PSPIE: 
Parallel slave port interrupt enable bit. 


1 = Enables PSPIF interrupt. 
o = Disables PSPIF interrupt. 
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4.2.2.5 
PIR1 Register 


This register contains 
the individual 
flag bit for the 
Peripheral Interrupts. 


Note: 
These bits will be set byth& specffied con- 


<iitlQrt. 
pt 
Eflabl 
lor 
the GI 
dis- 
abloo}. ~tore enablingen I 
th& 
user may wlsh kl clear the Interrupt flag. to 
en$ure 
that the program 
does not imm$di- 
ately branch to the Peripheraf Interrupt ser- 
vice routine. 


Register: 
PIRl 
R1W: 
Address: 
OCh 
Reset value: 
OOh 
R: 
U: 


Readable & 
writable 
Read only 
Unimplemented, 
read as '0' 


TMR1IF: 
Timerl 
interrupt flag. 


1 = Timerl 
overflowed. 


Must be cleared in software. 


0= No Timerl 
overflow. 


TMR2IF: 
Timer2 interrupt flag. 


1 = Timer2 matches period register PR2. 


Must be cleared in software. 


0= No Timer2 period match. 


CCP1IF: 
Capturel/ComparellPWMl 
interrupt. 


Capture Mode 


1 = A Timerl 
capture has occurred. 


Must be cleared by software. 


o = No Timerl 
capture occurred. 


Compare Mode 


1 = A Timerl 
compare match has occurred. 


Must be cleared by software. 


o = No Timerl 
compare match occurred. 


PWMMode 
Unused 


SSPIF: 
Synchronous 
serial port. 


1 = A transmission/reception 
is completed. 


Must be cleared in software. 


o = Waiting to transmiVreceive 


PSPIF: 
Parallel slave port read/Write interrupt flag. 


1 = A read or a write operation has taken place. 


Must be cleared in software. 
o = No read or write has occurred. 
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PIC16C64 


4.2.2.6 
peON Register 


The peON register contains flag bits to allow differentia- 


tion between a Power-0n 
Reset to an external MQR 


reset, WDT reset. 


Register: 
peON 
Address: 
8Eh 
POR reset: 03h 


RIW: 
Readable & 
writable 


R: 
Read only 


U: 
Unimplemented, 
read as '0' 


Reserved 


This bit should be programmed 
as '1'. 
Use of this 


bit as a general purpose readlwrite bit is not 
recommended, 
since this may affect upward 


compatibility 
with future products. 


POR : Power on reset flag. 


1 = No power on reset has occurred. 
o = A power-on-reset 
has occurred. 


Software must set this bij alter a 
power-on-reset 
condition has occured. 
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The program counter (PC) is 13-bit wide. The low byte, 
PCl isa readable and writable register (02h or 82h). The 
high byte of the PC, PCH is not directly readable or 
writable. The high byte of the PC can be written through 
the PCLATH register (OAh or 8Ah). 
When the PC is 


loaded with a new value during a CALL, GOTO or a write 
to PCl, the high bits of PC are loaded from PCLATH, 
as shown in Figure 4-9. 


FIGURE 4-9: LOADING OF PC IN 
DIFFERENT SITUATIONS 


o 


~ INSTwittl PCl 


(02h) asdest 


ALUresult 


PC ~r_~_11~1_0 
~01GOTO, CALL 


f 


Ill 
, 
2 
PCLATH <~3> 
I 
~ 
<10:0> 
I_U_I 


PCLATH 


4.3.1 COMPUTED GOTO 


When doing a table read using a computed 
GOTO 
method, care should be exercised if the table location 
crosses a PCl memory boundary (each 256 byte block). 
Refer to "Table Read Using the PIC16CXX" (AN556). 


4.3.2 Stack 


The PIC16CXX has an a-deep x 13-bit wide hardware 
stack (see Figure 4-1). The stack space is not part of 
either program or data space and the stack pointer is not 
readable or writable. 
The PC is pushed in the stack 


when a CALL instruction is executed or an interrupt is 
acknowledged. 
The stack is popped in the event of a 


RETURN, 
RETLW or a RETFIE 
instruction execution. 


PCLATH is not affected by a "PUSH" or a "POP" opera- 
tion. 


The stack operates as a circular buffer. This means that 
after the stack has been "PUSHed" eighttimes, the ninth 
push overwrites the value that was stored from the first 
push. The tenth push overwrites the second push (and 
so on). This means that the user can implement "soft- 
ware resets" for the system. 


Note: 
There are no STATUS bits to lndicate 
stack overflows or stack underIIow 
conditions. 
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4.4 Indirect Addressing. 
INDF and FSR 
Registers 


The INDF register is not a physical register. Addressing 
the INDF register will cause an indirect addressing. 


Indirect addressing is possible by using file address OOh. 
Any instruction using the INDF register, actually ac- 
cesses data pointed to by the file select register (FSR). 
Reading INDF itself indirectly will produce OOh.Writing 
to the INDF register indirectly results in a no-operation 
(although status bits may be affected). An effective 9-bit 
address is obtained by concantenating 
the 8-bit FSR 
register and the IRP bit (STATUS<7», 
as shown in 
Figure 4-10. However, IRP is not used inthe PIC16C64. 


Direct Addressing 


RP1 RPO 
6 
from opcode 
0 
OJ OIIIIIJ 
L-,........J 


page select 
locationselect t 


~--------~ 
----~-oo 


00 


A simple program to clear RAM location20h-2Fh using 
indirect addressing is shown in Example 4-1. 


movlw 
Ox20 
; initialize 
pointer 


movwf 
FSR 
;to 
RAM 


clrf 
INDF 
;clear 
indent 
by 


inerf 
FSR 
; inc pointer 


btfss 
FSR.4 
;all 
done? 


goto 
NEXT 
;no clear 
next 


;yes 
continue 


Indirect Addressing 


IRP 
7 
(FSR) 
0 
0= 


11pa_::~ge_se_lect 
~J~- 


OIl 
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The PIC16C64 has five ports, PORTA through PORTE. 
These ports pins may be multiplexed with an altemate 
function for the peripheral features on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 6-bit wide latch. 
AM 
is a Schmitt trigger 


input and an open collector output. All other RA port pins 
have TTL input levels and full CMOS output drivers. All 
pins have data direction bits (TRIS registers) which can 
configure these pins as output or input. 


A '1' in the TRISA register configures the corresponding 
port pin as input. 


Port RM is multiplexed with TMRO clock input. 


Reading PORTA register reads the status of the pins, 
whereas writing to it will write to the port latch. 


FIGURE 5-1: BLOCK DIAGRAM OF PORT PINS 
RA<3:0> and RA<5> 


Data 
bus 


D 
a 


'WR 
Voo 


PORT" 
CK 


D 


'WR 
TRIS' 


CK 


BSF 
STATUS, 
RPO;Select 
Bankl 
MOVLW OxCF 
;Value 
used 
to 
initialize 
idata direction 
MOVWF 
TRISA 
;Set RA<3: 0> as inputs 


RA<5:4> 
as outputs 
TRISA<7:6> 
are 
always 


read 
as 
'0'. 


Data 
bus 
D 
a 


'WR 
PORT" 
CK 


D 


'WR 
TRIS' 
CK 
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PIC16C64 


Name 
Bit 
Buffer Type 
Function 


RAO 
bitO 
TTL 
Input/output 


RA1 
bit1 
TTL 
Input/output 


RA2 
bit2 
TTL 
Input/output 


RA3 
bit3 
TTL 
Input/output 


RA4ITOCKI 
bit4 
ST 
Input/output or external clock input for TMRO. 
Output is open collector type 


RASISS 
bit5 
TTL 
Input/output or slave select input for synchronous 
serial port 


Register Name 
Function 
Address 
Power-on Reset Value 


PORTA 
PORTA pins when read 
05h 
--xx 
xxxx 


PORTA latch when written 


TRISA 
PORTA data direction register 
85h 
--11 
1111 


o = output, 1 = input 


Notes: 
1: x = unknown, - = unimplemented, reads as a '0'. 
2: 
For reset values of registers in other reset situations refer to Table 12-6. 
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5.2 
PORTB and TRISB Registers 


PORTB is an 8-bit wide bidirectional port (file register 
address OSh).The corresponding data direction register 
is TRISB (address 8Sh). A '1' in TRISB configures the 
corresponding 
port pin as an input. 
Reading PORTB 


register reads the status of the pins whereas writing to it 
will write to the port latch. 


Each of the PORTB pins has a weak internal pull-up 
(-100 lJ.Atypical). A single control bit can turn on all the 


pull-ups. 
This is done by clearing the RBPU (OP- 


TION<7» 
bit. The weak pull-up is automatically turned 


off when the port pin is configured as an output. The pull- 
ups are disabled on power-on reset. 


Four of PORTB's pins, RB<7:4>, have an interrupt on 
change feature. 
Only pins configured as inputs can 


cause this interrupt to occur (Le. any RB7-RB4 
pin 


configured as an output is excluded from the interrupt on 
change comparison). 
On every instruction cycle, the 


input pins (of RB7-RB4) are compared with the old value 
latched on the last read of PORTB. 
The "mismatch" 


outputs of RB7-RB4 are OR'ed together to generate the 
RBIF interrupt (flag latched in INTCON<O». 


FIGURE 5-3: 
BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 


Note: 1. Port latch = 1 and TAISa = 1 enables weak pull-up if 


RBPU = 0 in OPTION register. 


2. I/O pins have diode protection to Voo and Vss. 


This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the 
interrupt in one of two ways: 


a) 
Disable the interrupt by ciearing RBIE (INTCON<3» 
bit. 


b) 
Read PORTB. 
This will end mismatch condition. 


Then, clear RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
• 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. 
(See AN552 
in the Embedded 


Control Handbook). 


FIGURE 5-4: 
BLOCK DIAGRAM OF PORT 
PINS RB<3:0> 


Notes: 1. TRISB = 1 enables weak pull-up if RBPU = 0 in 
OPTION register. 


2. 
For RBO/INT pin. the INT input comes through a 
Schmitt trigger input buffer. 
3. I/O pins have diode protection to Voo and Vss. 


IPJr®~hi7il~IJi)~Jr)f 


2-241 


Name 
Bit 
Buffer Type 
Function 


RBOIINT 
bitO 
TIUSTt 
InpuVoutput pin or external interrupt input. Internal software 
programmable weak pull-up 


RB1 
bit1 
TIL 
InpuVoutput pin. Internal software programmable weak pull-up 


RB2 
bit2 
TIL 
InpuVoutput pin. Internal software programmable weak pull-up 


RB3 
bit3 
TIL 
InpuVoutput pin. Internal software programmable weak pull-up 


RB4 
bit4 
TIL 
InpuVoutput pin (with interrupt on change). 
Internal software 
programmable weak pull-up 


RB5 
bit5 
TIL 
InpuVoutput pin (with interrupt on change). 
Internal software 
programmable weak pull-up 


RBS 
bitS 
TIUSn 
InpuVoutput pin (with interrupt on change). 
Internal software 
programmable weak pull-up 


RB7 
bit7 
TIUSn 
InpuVoutput pin (with interrupt on change). 
Intemal software 
programmable weak pull-up 


Legend: TIL = TIL 
input, ST = Schmitt Trigger 
t This buffer is a Schmitttriger 
input when configured 
as the external interrupt. 


:I: This buffer is a Schmitt Trigger input when used in serial programming 
mode. 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTB 
PORTB pins when read 
06h 
xxxx xxxx 


PORTB latch when written 


TRISB 
PORTB data direction register 
86h 
1111 
1111 


o = output, 1 = input 
--- 
-- 
OPTION 
Weak pull-up on/off control (RBPU bit) 
81h 
1111 
1111 
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5.3 
PORTC and TRISC Registers 


1/0 PORTC is an 8-bit bidirectional 
port. 
Each pin is 


individually configurable as input and output through the 
TRISC register. 
PORTC is multiplexed 
with several 


peripheral 
functions 
(see Table 5-5). 
PORTC pins 


have Schmitt trigger input buffers. 


Peripheral data-out 


Data 
bus 


BSF 
STATUS,RPO;Select 
Bankl 


MOVLW 
OxCF 
;Value 
used 
to 
initialize 


;data 
direction 


MOVWF 
TRISC 
; Set RC<3:0> as 
inputs 
RC<5:4> as 
outputs 
RC<7:6> 
as 
inputs 


Notes: 
1. PortIPeripheral 
select signal selects between 
port data and peripheral output. 
2. Peripheral OE (output enable) is only activated il 
peripheral select is active. 
3. VO pins have diode protection to VDDand Vss. 


Name 
Bit 
Buffer Type 
Function 


RCOfT1CKI 
bitO 
ST 
Input/output port pin or Timer1 clock inpuVTimer1 oscillator input 


RC1fT1CKO 
bit1 
ST 
Input/output port pin or Timer1 oscillator output 


RC2ICCP1 
bit2 
ST 
Input/output port pin or Capture1 input/Compare1 output/ 
PWM10utput 


RC3ISCKlSCL 
bit3 
ST 
RC3ISCKlSCL can also be selected as the synchronous serial clock 
for both SPI and 12Cmodes. 


RC4/SDI/SDA 
bit4 
ST 
RC4/SDI/SDA can also be selected as the SPI Data In (SPI mode) 
or data 1/0 (FC mode). 


RCS/SDO 
bitS 
ST 
Input/output port pin or Synchronous serial port data output 


RC6 
bit6 
ST 
Input/output port pin 


RC7 
bit7 
ST 
Input/output port pin 


Register 
Name 
Function 
Address 
Power-on Reset Value 


PORTC 
PORTC pins when read 
07h 
xxxx 
xxxx 


PORTC latch when written 


TRISC 
PORTC data direction register 
87h 
1111 
1111 
o = output, 1 = input 


Notes: 
1: x = unknown, - = unimplemented, 
reads as a '0'. 


2: 
For reset values of registers in other reset situations refer to Table. 
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5.4 
PORTO and TRISD Registers 


1/0 PORTO is an 8-bit port with Schmitt trigger input 
buffers. Each pin is individually configurable as input or 
output. 


PORTO can be configured as an 8-bit wide microproces- 
sor port (or parallel slave port) by setting control bit 
PSPMOOE (TRISE<4». 
In this mode, the input buffers 
are TTL. 


FIGURE 5-6: 
PORTO BLOCK DIAGRAM 
(IN VO PORT MODE) 


Data 
Data Latch 
bus 
D 
Q 


"WR 
PORT" 
CK 
Q 


TRIS Latch 


Name 
Bit 
Buffer Type 
Function 


ROO/PSPO 
bitO 
STITTL 
InpuVoutput port pin or parallel slave port bit 0 


R01/PSP1 
bit1 
STITTL 
InpuVoutput port pin or parallel slave port bit 1 


R02lPSP2 
bi12 
STITTL 
InpuVoutput port pin or parallel slave port bit 2 


R03lPSP3 
bit3 
STITTL 
InpuVoutput port pin or parallel slave port bit 3 


R04/PSP4 
bit4 
STITTL 
InpuVoutput port pin or parallel slave port bit 4 


ROS/PSPS 
bitS 
STITTL 
InpuVoutput port pin or parallel slave port bit S 


R06/PSP6 
bit6 
STITTL 
InpuVoutput port pin or parallel slave port bit 6 


R07/PSP7 
bit7 
STITTL 
InpuVoutput port pin or parallel slave port bit 7 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTO 
PORTO pins when read 
08h 
xxxx 
xxxx 


PORTO latch when written 


TRISO 
PORTO data direction register 
88h 
1111 
1111 
o = output, 1 = input 


Notes: 
1: x = unknown, - = unimplemented, reads as a '0'. 
2: 
For reset values of registers in other reset situations refer to Table. 
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5.5 PORTE and TRISE Register 


1/0 PORTE has three pins REO,RE1 and RE2 which are 
individually configurable as inputs or outputs. 
These 
have Schmitt trigger input buffers. 


1/0 PORTE becomes control inputs for the microproces- 
sor port when the PSPMODE bit (TRISE<4» 
is set. In 
this mode, the user must make sure thatthe TRISE<2:0> 
bits are set (pins are configured as digital inputs). In this 
mode the input buffers are TTL. 


Figure 5-7 shows the TRISE register, which also con- 
trols the synchronous slave port operation. 


FIGURE 5-7: 
PORTE BLOCK DIAGRAM 
(IN I/O PORT MODE) 


Data 
Data Latch 
bus 
0 
Q 


·WR 
PORT' 
CK 
Q 


TRIS Latch 


Register: 
TRISE 
Address: 
89h 
POR value: 07h 


RIW: 
Readable 
& 
writable 
R: 
Read only 
U: 
Unimplemented, 
read as '0' 


TRISEO: 
Direction control bit for port pin REO 


1 = Input 
0= Output 


TRISE1: 
Direction control bit for port pin REl 


1 = Input 
0= Output 


TRISE2: 
Direction control bit for port pin RE2 


1 = Input 
0= Output 


Unimplemented. 


Read as '0' 


PSPMODE: 
Selects parallel slave port mode for ports 


RDand 
RE. 


1 = Parallel slave port mode. 
o = General purpose 1/0. 


IBOY: 
Input buffer overflow in microprocessor 
mode. 


1 = A write occurred when a previous input word has 
not been read. 
Must be cleared in software. 


o = No overflow has occurred. 


OBF: 
Output buffer full. 


1 = The outpu1 buffer still holds a previously written word. 
o = Output buffer has been read. 


IBF: 
Input buffer full. 


1 = A word has been received and waiting to be read 
by the CPU. 
o = No word has been received. 
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Name 
Bit 
Buffer Type 
Function 
- 
bitO 
STITTL 
InpuVoutput port pin or Read control input in parallel slave 
REO/RD 
port mode 
RD 
1 = Not a read operation 
0= 
Read operation. The system reads the 16C64 PortO 
register (if chip selected) 


RE1/WR 
bit1 
STITTL 
InpuVoutput port pin or Write control input in parallel slave 
port mode 
WR 
1 = Not a write operation 
o = Write operation. The system writes to the 16C64 PortO 
register (if chip selected) 


RE2ICS 
bit2 
STITTL 
InpuVoutput port pin or Chip select control input in parallel slave 
port mode 
CS 
1 = Device is not selected 
0= 
Device is selected 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTE 
PORTE pins when read 
09h 
---- 
-xxx 


PORTE latch when written 


TRISE 
PORTE data direction control 
69h 
0000 
-111 
bits and PORTO mode control 


1PU'®~~M~rrilt§.W~ 


2-246 


:~I~lml~:~I~lml~:~I~lml~:~I~lml~: 


~ 
Fe 
X 
PC+l 
X 
PC+2 
X 
PC+3 
MOVWF PortB 
MOVF PortB, W 
NOP 
NOP 
Writeto 
Read Port B 
PortB 


Some instructions operate intemally as read followed by 
write operations. 
The BCF and BSF instructions, 
for 


example, read the register into the CPU, execute the bit 
operation, 
and write the result back to the register. 
Caution 
must be used when these instructions 
are 


applied to a por:twith both inputs and outputs defined. 
For example, a BSF operation on bit 5 of PORTS will 
cause all eight bits of PORTS to be read into the CPU. 
Then the BSF operation takes place on bit 5 and PORTS 
is written to the output latches. If another bit of PORTS 
is used as a bidirectional I/O pin (for example, bit 0) and 
it is defined as an input at this time, the input signal 
present on the pin itself would be read into the CPU and 
re-written to the data latch of this particular pin, overwrit- 
ing the previous content. As long as the pin stays in the 
input mode, no problem occurs. However, if bit 0 is 
switched into output mode later on, the content of the 
data latch may now be unknown. 


A pin actively outputting a Low or High should not be 
driven from external devices at the same time in orderto 
change the level on this pin ('wired-or", 
'wired-and'). 
The resulting high output currents may damage the chip. 


. 


RB<7:O>' 
~' 


~i ------------~: 
: T Port~n 
: 


, 
, 
safT'4lledherll 
Tming 
Spec 
14 ....•. 
, 
I~ 


Execute 
Execute 
MOVWF 
MOVF 
PortB 
PortB, W 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-3 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 


EXAMPLE 5-3: READ MODIFY WRITE 
INSTRUCTIONS ON AN I/O 
PORT 


; Initial 
PORTsettings: 
PORTB<7:4> Inputs 


PORTB<3: 
0> 
Outputs 


; PORTB<7:6> have external 
pull-up 
and are not 
; connected 
to other 
cireui 
try. 


PORTlatch 
PORT 
pins 


---------- 
---------- 


BCF 
PORTB, 7 
Olpp 
pppp 
llpp 
pppp 


BCF 
PORTE, 
6 
lOpp 
pppp 
llpp 
pppp 


BSF 
STATUS. 
RPO 
BCF 
TRISB, 
7 
lOpp 
pppp 
llpp 
pppp 


BCF 
TRISB, 
6 
lOpp 
pppp 
lOpp pppp 


Note that 
the 
user 
may have expected 
the 
pin 


values 
to be OOpppppp. The 2nd BCFcaused RB7 


to be latched 
as 
the 
pin 
value 
(High). 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5-9). 
Therefore, 
care must be exercised 
if a write 


followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions 
with a NOP or an other instruction 
not 


accessing this I/O port. 


This example shows write to PortB 
followed by a read from PortB. 
Note that: 
data setup time = (0.25 TCY -TPD) 
where TCY = instruction cycle. 


Therefore, at higher clock 
frequencies, a write followed by a 
read may be problematic. 
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PIC16C64 


5.7 
Parallel Slave Port 


PORTO operates as an 8-bit wide parallel slave port, or 
microprocessor 
port 
when 
control 
bit PSPMOOE 
(TRISE<4» 
is set. In slave mode it is asynchronolJ§!y 
readable and writable by the extemal world throughBP 
control input (REO/RO) and WR control input (RE1/WR). 


It can directly interface to an 8-bit microprocessor data 
bus. The microprocessor can read or write the PORTO 
latch as an 8-bit latch. Set!1ngPSPMOOE also enables 
the port pin REOto be the RO input, RE1 to be the WR 
input and RE2 to be the CS (chip select) input. For this 
functionality, the corresponding data direction bits of the 
TRISE register (TRISE<2:0» 
must be configured as 


inputs (set). 


There are actually two 8-bit latches, one for data-out 
(from the PIC16CXX) and one for data input. The user 
writes 8-bit data to PORTO data latch and reads data 
from the port pin latch (note that they have the same 
address). 
In this mode the TRISO register is ignored, 
since the microprocessor is controlling the direction of 
data flow. 


Status flag IBF, Input Buffer Full (TRISE<7», 
is set if a 


received word is waiting to be read by the CPU. The IBF 
is cleared when PORTO is read by the CPU. 
IBF is a 
read only status bit. Status flag OBF, Output Buffer Full 
(TRISE<6», 
is set if a word written to PORTO latch is 
waiting to be read by the extemal bus. The OBF flag is 
cleared when PORTO is read by the external device. 
Status flag IBOV, Input Buffer Overflow (TRISE<5», 
is 
set if a second word is written to the microprocessor port 
when the previous word has not been read by the CPU. 
It is a read/write bit and must be cleared by the CPU. 


When not in PSPMOOE, IBF and OBF bits are held as 
cleared. 
However, if the IBOV flag was previously set, 


it must be cleared in the software. 


An interrupt is generated and latched into control bit 
PSPIF (PIR1<7» 
when a read or a write operation is 
completed. The PSPIF interruptflag must be cleared by 
the CPU and the interrupt can be disabled by clearing 
the interrupt enable bit PSPIE (PIE1<7». 


FIGURE 5-10: 
PORTO AND PORTE AS A 
PARALLEL SLAVE PORT 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTO 
Parallel slave port 
08h 
xxxx 
xxxx 


Read/Write Data 


TRISO 
PORTO data direction register 
88h 
1111 
1111 


PORTE 
Parallel slave port Read/WritelChip 
Select signals 
09h 
---- 
-xxx 


TRISE 
Control bits for PORTO peripheral 
89h 
0000 
-111 


PIR1 
Interrupt register (PSPIF bit) 
OCh 
0000 
0000 


PIE1 
Interrupt Enable register (PSPIE bit) 
8ch 
0000 
0000 


IPIF®~ij m 
ij rri)@lIF}" 


2-248 


The PIC16C64 has three timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred (Le. timer overflow). Each of these modules is 
explained in full detail in the following sections. The 
timer modules are: 


TimerO (TMRO) module (see Section 7) 
Timer1 (TMR1) module (see Section 8) 
Timer2 (TMR2) module (see Section 9) 


For enhanced time-based 
functionality, the following 
module can be used with either of the TMR1 or TMR2 
modules. This module is the: 


Capture/Compare/PWM 
(CCP1) module 
(see Section 10) 


6.1 TimerO (TMRQ) Overview 


The TMRO module is identical to the RTCC module of 
other PIC16CXX enhanced core products (and very 
similar to the PIC16C5X products). The TMRO module 
is a simple 8-bit overflow counter. The clock source can 
be either the internal system 
clock (OSC/4) or an 
external clock. When the clock source is an external 
clock, the TMRO module can be selected to increment 
on either the rising or falling edge. 


The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
RTCC module or the Watchdog Timer. The PSA bit 
(OPTION<3» 
assigns the prescaler, and the PS2 -PSO 
(OPTION<2:0» 
detennines the prescaler value. The 
RTCC can increment at the following rates: 1:1 (when 
prescaler assigned to Watchdog Timer), 1:2, 1:4, 1:8, 
1:16,1:32,1:64,1:128,1:256. 


Synchronization 
of the external clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device's fre- 
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 


When the clock source is an external clock, the TMRO 
module can be selected to increment on either the rising 
or falling edge. 


6.2 Timer1 (TMR1) Overview 


Timer1 (TMR1) is a 16-bit timer/counter. 
The clock 
source can be either the internal system clock (OSC/4), 
an external clock, or an external crystal. 
TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either 
operate 
synchronized 
to 
the 
device 
or 
asynchonously to the device. Asynchonous 
operation 
allows TMR1 to operate during sleep, which is useful for 
applications that require a real time clock as well as the 
power savings of sleep mode. 


TMR1 also has a prescaler option which allows the 
TMR1 to increment at the following rates: 1:1, 1:2, 1:4, 
1:8. TMR1 can be used in conjunction with the Capture 
/ Compare / PWM (CCP1) module. When used with the 
CCP1 module, TMR1 is the timebase for 16-bitcapture 
or the 16-bit compare. When using the TMR1 module 
with the CCP1 module, TMR1 must be synchronized to 
the device (timer or synchronized counter mode). 


6.3 Timer2 (TMR2) Overview 


Timer2 (TMR2) is an 8-bit timer. TMR2 has both a 
programmable prescaler and postscaler, as well as an 
8-bit period register (PR2). TMR2 can be used with the 
CCP1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler 
option 
which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 


The postscaler allows TMR2 to match the period register 
(PR2) a programmable number of times before generat- 
ing an interrupt. The postscaler can be programmed 
from 1:1 to 1:16 (inclusive). 


6.4 CCP1 Overview 


The CCP1 module can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or 10-bit Pulse 
Width Modulation (PWM) 


Capture mode, captures the 16-bit value of TMR1 into 
the CCPR1 H:CCPR1 L register pair. The capture event 
can be programmed for either the falling edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCP1 pin. 


Compare mode, compares the TMR1 H:TMR1 L register 
pair to the CCPR1 H:CCPR1 L register pair. When a 
match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low) or TMR1 can be reset. This depends on the control 
bits CCP1M3 - CCP1MO. 


PWM mode, compares TMR2 to a 10-bit duty cycle 
register as well as to an 8-bit period register (PR2). 
When the TMR2 = PR2, TMR2 is reset to OOh, an 
interrupt can be generated, and the CCP1 pin (if an 
output) will be forced high. When the TMR2 = Duty Cycle 
register, the CCP1 pin will be forced low. 
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The TMRO module timer/counter has the following fea- 
tures: 


B-bit timer/counter 
Readable and writable (file address 01h) 
B-bit software programmable prescaler 
Internal or external clock select 
Interrupt on overflow from FFh to DOh 
Edge select for external clock 


Figure 7-1 is a simplified block diagram of the TMRO 
module. 


Timer 
mode 
is selected 
by clearing 
the 
RTS 
bit 
(OPTION<5». 
In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). 
If 
TMRO is written, increment is inhibited for the following 


TOCKI 
Pin7 


two cycles (see Figures 7-2 and 7-3). The user can work 
around this by writing an adjusted value to the TMRO 
module. 


Counter 
mode 
is selected 
by setting 
the RTS bit 
(OPTION<5». 
In this mode TMRO will increment either 
on every rising or falling edge of pin RA41T0CKI. The 
incrementing edge is determined 
by control bit RTE 
(OPTION<4». 
Clearing the RTE bit selects the rising 
edge. 
Restrictions on the external clock input is dis- 
cussed in detail in Section 7.2. 


The prescaler is shared between the TMRO module and 
the Watchdog Timer. 
The prescaler 
assignment 
is 
controlled in software by control bit, PSA (OPTION<3». 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. 
When the 
prescaler is assigned to the TMRO module, prescale 
values of 1:2, 1:4, ..., 1:256 are selectable. 
Section 7.3 
details the operation of the prescaler. 


Sync with 
Internal 
clocks 


(2 Cycle 
Delay) 


Set TOIF 
Interrupt on 
Overflow 


Notes: 
1. 
Bits, RTE, RTS, PS2, PS1, PSO AND PSA are located in OPTION register. 
2. 
The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 


~ 
'~oooo~~oooo~~oooo~~oooo~~oooo~~oooo~~oooo~~oooo~ 
~AM' 
, 


NTER) (PC-1 
R:( 
PC., 
PC+2 
PC+3 
~ 
PC... 
~ 
PC+§ 
~ 
PC+6 


INST = 
MOVWF 
TMRO 
MOVF 
TMAC. W 
I 
MOVF TMRO. w: 
MOVF TMRO, w: 
MOVF 
TMRO. W 
I 
MQVF 
TMRC. W : 
, 


NRT + 1 X 
t 


NAT+2 G 
t 


TMRO 
AI' 
RT.11 
RT+21 
NRT I 
NRT I 
NRT 
t 
t 


, t 


WIileTMRO 
AeadTMRO 
AoadTMRO 
ReadTMRO 
exeaJted 
readsNAT 
reads NAT 
reads NRT 


~ 
1~1~lml~'~I~I~I~'~I~lml~l~l~lml~'~I~IOOI~'~I~IOOI~'~I~I~1~1~lmIOOI~1 
~: 
: 
' 
:: 
::: 
~ 
PCt 
~ 
R{ 
I 
PC. 
1 
~ 
PC+2 
~ 
PC+3 
PC... 
~ 
PC+§ 
~ 
PC+6 


INST_ 
I 
MOVWFTMAQ 
, 
MOVFTMRO, 
W 
I 
MOVFTMRO. 
W 
, 
MOVFTMRO, 
W 
MOVFTMAO. 
W, 
t.1OVFTMRO. 
W 
, 


NAT+' 
t 
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7.1 
TIMERQ 
(TMRQ) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to 00h. This overflow 
sets the TOIF bit. 
The interrupt can be masked by 


clearing 
the TOlE bit (INTCON<5». 
The TOIF bit 


(INTCON<2» 
must be cleared in software by the TMRO 


module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 7-4 for TMRO interrupt timing. 


7.2 
Using TMRQ with External 
Clock 


When external clock input is used for TMRO. it is syn- 
chronized with the internal phase clocks. Therefore. the 
external clock input must meet certain requirements. 


Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 7-5. the synchronization is done after 
the presealer. 
The output of the presealer is sampled 


twice in every instruction cycle to detect rising or falling 
edges. Therefore. it is necessary for PSOUTto be high 
for at least 2 tose and low for at least 2 tose where: 


tose = oseillator time period. 


When no prescaler is used. PSOUT(Prescaler output. 
see Figure 7-1) is the same as TMRO clock input and 
therefore the requirements are: 


TRTH 
TMRO 
high 
time 
~ 2tosc 
+ aT 


(See parameter #40) 


TRTL 
TMRO 
low 
time 
~ 
2tosc 
+ 
aT 


(See parameter #41) 


When oresealer is used, the TMRO module input is 
divided bythe asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 


Then: 


PSOUThigh time = PSOUT low time = 
N °2TFfT 


where 


TRT 
TMRO input period 


N 
prescale value (2, 4•....• 256). 


The requirement is. therefore: 


NoTFfT ~ 2tose+aT,orTRT~ 
4tosc+2dT 


2 
N 


where 


aT 
small RC delay 


(see Timing Specifications). 


The user will notice that no requirement on TMRO high 
time or low time is specified. 
However. if the high time 


or low time on TMRO is too small then the pulse may not 
be detected. hence a minimum high or low time of 10 ns 
is required. 
In summary. the TMRO module input re- 


quirements are: 


TRT 
TMRO period ~ (4 tose + 2 aT)/N 


TRTH 
TMRO high time ~ aT 


TRTL 
TMRO low time ~ aT 


GIEblt 


(INTCON <7» 


INSTRUCTION FLOW 


Instruction 
{ 
fetched 


Instruc1ion 
{ 
exOaJled 


Notes: 
1.TOIFinterruptflagissampledhere(everyal). 
2. Interruptlateney= 4TeywhereTey= instructioncycletime. 
3. CLKOUTisavailableonlyinRCoscillatormode. 
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Delay from extemal clock edge: Since the prescaler 
output is synchronized with the intemal clocks, there is 
a small delay from the time the extemal clock edge 
occurs 
to the time 
the TMRO module 
is actually 
incremented. 
Referring to Figure 7-5, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tosc (±200ns @ 
20 MHz). 


7.3 prescaler 


An a-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the Watchdog Timer, 
respectively (see Figure 7-6). For simplicity, this counter 
is being referred to as 'prescaler" throughout this data 


sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. 
Thus, a prescaler 
assignment fort~e TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 


The PSA and PS2-PSO bits (OPTION<3:0» 
determine 
the prescaler assignment and pre-scale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 
1, MOVWF 
1, 


BSF 1,x ....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 
The prescaler is not 
readable or writable. 


:~I~lml~:~I~lml~:~I~lml~:~I~lml~: 


EXT CLOCK INPUT OR 
I 
Small pulse 
I . 
PRESCALER 
OUT (NOTE 2) 
misses sampling 


INCREMENT TMRO (04) 


TMRO 


Notes: 


1. 
Delay from clock input change to TMRO increment is 3 tose to 7 tose. 
(Duration of a = tose). 
Therefore, the error in measuring the interval between two edges on TMRO input = ± 4 tose max. 
2. 
External clock if no presealer selected, Presealer output othelWise. 


3. 
The arrows indicate the points in time where sampling occurs. 


TOCKI 1"71-----.. 


Pin 
~ 
,..) 


RTE 


M 
U 
o 
X 


SYNC 
2 
CYCLES 


Set TOIF 
Interrupt 
on Overflow 
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7.3.1 SWITCHING PRESCALER ASSIGNMENT 


The prescaler assignment is fully under software con- 
trol, Le., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 7-1) 
must be executed when changing the prescaler assign- 
ment from TMRO to WDT. 
Depending on the selected 


prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 


Steps 2 and 3 are only required if an extemal TMRO 
source is used. Steps 9 and 10 are necessary only if the 
desired prescale value is '000' or '001'. 


To change prescalerfrom the WDTto the TMRO module 
use the sequence shown in Example 7-2. This precau- 
tion must be taken even if the WDT is disabled. 


EXAMPLE 7-2: 
CHANGING PRESCALER 
(WDT~TMRO) 


EXAMPLE 7-1: 
CHANGING PRESCALER 
(TMRO~WDT) 


Select 
TMRO, new 


pre scale value and 
clock source 


l. 
BCF 
STATUS, 
RPO 
BankO 


2. CLRF 
TMRO 
Clear 
TMRO 


3. BSF 
STATUS, 
RPO 
Bank 
1 


4. CLRWIlT 
Clears 
WDT 
and 
pre scale 


5. 
MOVLW 
B•xxxxlxxx . 
Select 
new 
prescale 


6. 
MOVWF 
OPTION 
value 


7. 
BCF 
STATUS, 
RPO 
Bank 
0 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


TMRO 
Timer/counter register 
01h 
xxxx 
xxxx 


OPTION 
Configuration and prescaler assignment 
81h 
1111 
1111 


bits for TMRO. See Figure 4-4 


INTCON 
TMRO overflow interrupt flag and mask bits 
08h 
0000 
ooox 


See Figure 4-5 


Address 
Name 
Bit 7 
Bit 6 
BitS 
Bit4 
Bit 3 
Bit 2 
Bit 1 
BitO 


01 
TMRO 
TIMERO 


0B/88 
INTCON 
GIE 
PEIE 
TOlE 
INTE 
ABlE 
TOIF 
INTF 
RBIF 


81 
OPTION 
ABPU 
INTEDG 
RTS 
RTE 
PSA 
PS2 
PS1 
PSO 


85 
TRISA 
- 
- 
TRlSA5 
TRISA4 
TAISA.3 
TRlSA2 
TRISA.1 
TAISAO 


Legend 
- 
= Unimplemented 
locations, Read as '0' 


Shaded boxes are not used by TMRO module. 
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Timerl 
is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1H and TMR1L) which are readable and 
writable. 
TMRl 
increments from OOOOhto FFFFh and 


rolls over to OOOOh.An interrupt, if enabled, is generated 
on overflow which is latched in interrupt flag bitTMRllF 
(PIR1<O». 
This interrupt can be enabled or disabled 


using the timerl interrupt enable bitTMRllE 
(PIE1 <0». 


TMR1 can operate in one of two modes: 


• 
As a timer 


• 
As a counter 


This is determined 
by the clock select bit, TMR1CS 


(TICON<l». 


Intimer mode, TMR1 increments every instruction cycle. 
In counter mode, it increments on every rising edge of 
extemal clock input on pin RCOIT1CKI. 


Timer1 can be tumed on or off using the control bit 
TMR10N 
(T1CON<0». 
See description 
of nCON 


control register for all control bits related to Timer1. 


Timer1 also has an intemal 'reset input'. This reset can 
be generated by CCP1 (CapturelcomparelPWM) 
mod- 


ule. See Section 10 for details. 
Figure 8-1 shows the 


Timer1 control register . 


When the Timer1 oscillator is enabled (T10SCEN 
is 


set), the RC11T1CKO pin becomes an output. 
That is, 


the TRISC<l> 
value is ignored. 
The RCOIT1CKI pin 


should normally be configured as an input (for external 
clock). 
However, this pin can be configured 
as an 


output, if self-elocking (through the output pin) is de- 
sired. 


Readable & 
writable 
Read only 
Unimplemented, 
read as '0' 


Register: 
Tl CON 
RNJ: 


Address: 
10h 
POR reset value: 
ooh 
R: 
U: 


TMR10N: 
nmerl 
on bit. 


1 = Enables timerl 
o = Stops timerl 


TMR1CS: 
nmerl 
clock select. 


1 = External clock (RCOITCKI pin) (rising edge) 
0= 
Internal clock (OSC/4) 


T1INSYNC: 
nmerl 
external clock input 


synchronization 
control. 


When TMR1CS = 1 (nmerl 
uses an external clock) 


1 = Do not synchronize 
external clock input 


o = Synchronize 
external clock input 


When TMRl CS = 0 (nmerl 
uses the internal clock). 


This bit is ignored. 


T10SCEN: 
Timerl 
oscillator enable/disable. 


1 = Oscillator is enabled 
0= Oscillator shut off. The oscillator inverter and 


feedback resistor are turned off to eliminate 
power drain. 


T1 CKPS<1 :0>: nmerl 
input clock prescale select. 


11 = Prescale value = 8 
10 = Prescale value = 4 
01 = Prescale value = 2 
00 = Prescale value = 1 
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8.1 TMR1 Operation in Timer Mode 


Timer 
mode is selected 
by clearing 
the TMR1CS 


(T1CON<1» 
bit. 
In this mode, the input clock to the 


timer is OSC/4. The synchronize control bit T1INSYNC 
(T1CON<2» 
has no effect since the internal clock is 


always in sync. 


8.2 TMR1 Operation in Synchronized 
Counter Mode 


Counter mode is selected by setting the TMR1 CS bit. In 
this mode the timer increments on every rising edge of 
clock input on pin RC0IT10SCOIT1CKI. 


If T11NSYNC is cleared, then the external clock input is 
synchronized with internal phase clocks. The synchro- 
nization is done after the prescaler stage. The prescaler 
stage is an asynchronous ripple counter. 


In this configuration, during SLEEP mode, TMR1 will not 
increment even if external clock is present, since the 
synchronization circuit is shut off. The presealer how- 
ever will continue to increment. 


TMR11F 
Overflow 
interrupt 


RCOI 
T10SCOI 


T1CKI 


8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 


SYNCHRONIZED 
COUNTER MODE 


In synchronized counter mode, the prescaler output is 
sampled twice every instruction cycle. 
Therefore, the 
following restrictions apply to external clock input: 


when prescaler is 1:1' 


TTCKIH= T1CKI high time ~ 2 tose + 6T 


TTCKIL= T1CKI 
low time ~ 2 tose + 6T 


where 6T = small RC delay (see timing specifications) 


when presealer is higher: 


The input clock is divided 
by two or more, so the 
prescaler output is symmetrical. 
The requirements are 


then: 


Prescaler out high time = Prescaler out low time 
= N' TT1CKIP~ 2 tose + 6T 
2 


or 
TT1CKIP ~ 4 tose + 6T 
N 
T1 CKI input clock period 
prescale value (2, 4, 8) 
small RC delay 
(see timing specifications) 


Note that no requirement on minimum high time or low 
time is mentioned. 
However, if the pulse is too small it 


may not be recognized. Hence a minimum high and low 
time is specified. 


TT1CKIH~ 6T (see timing specification #45) 
TT1CKIL>6T (see timing specification # 46) 


TT1CKIP = 
N 
6T = 


S nchronized 
clock input 


2 
T1CKPS<1:0> 


t When the T1 OSCEN bit is cleared, the inverter and feedback 
resistor are turned off. This eliminates 
power drain. 
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8.3 
TMRl Operation in Asynchronous 
Counter Mode 


If the control bit T11NSYNC is set, the external clock 
input is not synchronized. The timer continues to incre- 
ment asynchronous to the internal phase clocks. 
The 


timer will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed to 
read/write the timer (see Section 8.3.2). 


In asynchronous counter mode, Timer1 can not be used 
as timebase for capture or compare operations. 


8.3.1 
EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED 
CLOCK 


If T1INSYNC is set, the timer will increment completely 
asynchronously. 
The input clock must meet a certain 
minimum high time and low time requirements, as speci- 
fied in timing specifications #45 and #46. 


8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 


Reading TMR1 H orTMR1 L while the timer is running off 
external asynchronous clock will guarantee a valid read 
(taken care of in hardware). 
However, the user should 


keep in mind that reading the 16-bit timer in two 8-bit 
values itself poses certain problems since the timer may 
overflow between the reads. 


For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten- 
tion may occur by writing to the timer registers while the 
register is incrementing. 
This may produce an unpre- 
dictable value in the timer register. 


Writing to the timer is no problem, if the clock is slower 
than the instruction cycle time. Reading the 16-bit value 
requires some care. Example 8-1 is an example routine 
to read the 16-bit timer value. This is useful if the timer 
cannot be stopped. 


EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 


MOVF 
TMRlH, 
Wreg 
Read 
high 
byte 
MOVWF 
TMPH 
MOVF 
TMRlL. 
Wreg 
Read 
low byte 


MOVWF 
TMPL 


MOVF 
TMRlH. 
Wreg 
Read 
high 
byte 
SUBWF 
TMPH, 
Wreg 
sub 
1st 
read 
with 
2nd 
read 
BTFSC 
STATUS, 
Z 
is result 
= 0 


GOTO 
CONTINUE 
Good 
l6-bit 
read 


TMRlL 
may 
have 
rolled 
over 
between 
the 
read 
of 
the high 
and 
low bytes. 
Reading 
the high 


and 
low bytes 
now will 
read 
a good 
value. 


MOVF 
TMRIH, 
Wreg 


MOVWF 
TMPH 
MOVF 
TMRIL, 
Wreg 


MOVWF 
TMPL 


Re-enable 
Interrupt 


CONTINUE 
(if required) 
Continue 
with 
your 


; code 


8.4 
Timerl 
Oscillator 


A crystal oscillator circuit is built in between T1CKI pin 
(input) and T1CKO (amplifier output). 
It is enabled by 


setting control bit T1OSCEN (T1CON<3». 
The oscilla- 


tor is a low-power oscillator rated up to 200KHz. 
It will 


continue to run during SLEEP. It is primarily intended for 
a 32KHz crystal. Table 8-1 shows the capacitor selec- 
tion for the Timer1 oscillator. 


The Timer1 oscillator is identical to the LP oscillator. The 
user must allow software time-out 
to ensure proper 


oscillator start-up. 


TABLE 8-1: 
CAPACITOR SELECTION FOR 
THE TlMERl 
OSCILLATOR 


Osc 
Freq 
C1 
C2 


Type 


LP 
32 KHz§ 
15 pF 
15 pF 


100 KHz 
15 pF 
15 pF 


200 KHz 
0- 15 pF 
0- 15 pF 


Highercapacitanceincreasesthe stabilityof oscillatorbut 
also increases the start-up time. These values are for 
designguidanceonly. 
§ForVoo > 4.5V, C1 = C2 - 30pf is recommended. 
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8.5 
Resetting Timerl 
using CCPl Trigger 
2Y.tw!! 


If CCPl 
module 
is configured 
in compare 
mode to 
generate a "special event" trigger (CCPl M<3:0> = 1011), 
this signal will reset timerl. 


Timerl 
must be configured for timer or synchronized 


counter mode operation to take advantage of this fea- 
ture. 
If the Timerl 
is running in asynchronous counter 


mode, this reset operation may not work. 


In the event that a write to Timerl coincides with a reset 
trigger from CCP1, the write will take precedence. 


In this mode of operation, the CCPRl H:CCPRl L regis- 
ters pair effectively becomes the period register for the 
timerl. 


8.6 
Resetting of Timer Registers 


TMRl Hand TMRl L registers are not reset on paR or 
any other reset except by the CCPl special resettrigger. 


Tl CON register is reset to OOhon Power-On Reset. In 
any other reset, the register is unaffected. 


8.7 
Prescaler 


The prescaler counter iscleared on writes to the TMR 1H 
or TMRl L registers. 


Address 
Name 
Bit7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 
Bit2 
Bit 1 
Bit 0 


08l8B 
INTCON 
GIE 
PEIE 
TOlE 
\NTE' 
RBIE 
TOI~" 
INTF 
R8i~ 


DC 
PIAl 
PSPIF 
- 
- 
- 
SSPIF 
CCP11F 
TMR2IF 
TMAllF 


8C 
PIEl 
\"'PSPIE 
- 
- 
- 
SSPIE 
CCPlIE 
TMR2IE 
TMAllE 


OE 
TMAll 
Timerl 
least 
Significant Byte 


OF 
TMA1H 
Timerl 
Most Significant Byte 


10 
T1CON 
- 
- 
T1CKPSl 
Tl CKPSO T1OSCEN ITllNSYNC 
TMA1CS I 
TMA10N 


legend 
- 
= Unimplemented 
locations, Aead as '0' 


Note: 
Shaded boxes are not used by Timerl 
module. 
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Timer2 is an 8-bittimerwith 
a prescaler and a postscaler. 


It is especially suitable as PWM time-base (for PWM 
mode of CCP module). TMR2 is a readable and writable 
register. 


The input clock (oscl4) has a prescale option of 1,4 or 16 
(selected by control bits TCKPS1, TCKPSO, register 
T2CON). 


Timer2 has an 8-bit period register PR2. Timer2 incre- 
ments from OOhuntil it matches PR2 and then resets to 
OOh. PR2 is a readable and writable register. 


The overflow (or match) output of TMR2 goes through a 
4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generate timer2 interrupt (latched inTMR21Fbit, PIR<l ». 


Timer2 can be shut off using TMR20N 
(T2CON<2» 
control bit to minimize power consumption. 


Figure 9-2 shows the Timer2 control register. 


The prescaler and postscaler counters are cleared when 
any of the following occurs: a write to the TMR2 register, 
a write to the T2CON register, or any device 
reset 


(Power-On 
Reset, MClR 
reset, or Watchdog 
Timer 
reset). 


9.2 
Output of TMR2 


The output of TMR2 (before the postscaler) is fed to the 
synchronous serial port module which optionally uses it 
to generate shift clock. 
FIGURE 9-1: TIMER2 BLOCK DIAGRAM 


Timer2 
interrupt 
TMR21F 


Register: T2CON 
R1W: Readable & 
Address: 
12h 
writable 
Reset value: ooh 
U: 
Unimplemented 


T2CKPS<l :0>: Timer2 clock prescaler select. 


00 ; Prescaler is 1 
01 ; Prescaler is 4 
lx; 
Prescaler is 16 


TMR20N: 
Timer2 on/off control. 


1 ;TMR2 
is on 
0;TMR2 
is off 


TOUTPS<3:0>: 
Timer2 output postscale select 
סס oo ; Postscaler is 1 
0001 ; Postscaler is 2 


1111 ; Postscaler is 16 


Unimplemented. 


Read as '0' 


Bit 7 
Bit6 
BitS 
Bit4 
Bit 3 
Bit 2 
Bit 1 
Bit 0 


PEIE 
TOlE 
mE 
INTF 
RBlF 


TMR21F 
TMR11F 


TMR21E 
TMa1lti 


OB 
INTCON 


DC 
PIRl 


BC 
PIEl 


11 
TMR2 


12 
T2CON 


92 
PR2 
Timer2 period Register 


Legend -; 
Unimplemented locations, Read as '0' 
Note: Shaded boxes are not used by Timer2 module. 
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10.0 CAPTURElCOMPARElPWM 
MODULE 


The PIC16C64 has a CapturelComparelPWM 
(CCP) 


module consisting of a 16-bit register which can operate 
as a 16-bit capture register, as a 16-bit compare register 
or as a PWM output. 


CCPl 
module: 


Capture/comparelPWM 
register1 (CCPA1) is made up 


of two 8-bit sections: low byte, CCPA1L and high byte, 
CCPA1H. 
Both are readable and writable. 


10.1 Capture Mode 


In Capture mode, CCPA1 captures the 16-bit value of 
TMA1 when an event occurs on pin AC2ICCP1. 
An 


event is defined as: 


1. A falling edge 
2. A rising edge 
3. 
Every 4 rising edges 
4. 
Every 16 rising edges 


One of these is selected by the control bits CCP1M 
<3:0> in register CCP1CON. 
When a capture is made 


the interrupt requestflag, CCP11A bit (PIA<2» 
is set. It 


must be reset in software. 
If another capture occurs 


before the value in register CCPA1 is read, the old 
captured 
value will be lost. 
In capture 
mode, the 


AC2ICCP 1pin should be configured as an input through 
its corresponding TAIS bit. 


l'tIle~CP11$i:00ft9~8$anoutput.~ 
Writ_W{\b*port can cau~acapture 
tlon. .••... •.•••. 
'k 


When the capture mode is changed, a false capture 
interrupt may be generated. 
The user should clear the 


CCP11F bit following 
any such change 
in operating 


mode. 


Register: 
CCPl CON 
R1W: Readable & 


Address: 
17h 
writable 


POR value: 
OOh U: 
Unimplemented 


CCP1M <3:0>: 
CCPl 
mode select. 
0000 = Capture/comparelPWM 
off 
(Resets CCPl 
module) 
0100 = Capture mode, every falling edge 
0101 = Capture mode, every rising edge 
0110 = Capture mode, every 4th rising edge 
0111 = Capture mode, every 16th rising edge 
1000 = Compare mode, set output on match (sets 


CCP1IFbit) 
1001 = Compare mode, clear output on match (sets 


CCP1IFM) 
1010 = Compare mode, generate software 
interrupt (sets CCPllF 
bit). 
CCPl 
pin 


is unaffected 
1011 = Compare mode, trigger special event (sets 


CCPllF 
bit) 


llXX 
= PWM mode 


CCPl X:CCPl Y: Two low order bits. 
Capture mode: 
Unused 


Compare mode: 
Unused 


PWM mode: 
Write the two low order bits in high 


resolution (1Q-bit) mode. 
May be kept constant (at '0') 


if only 8-bit resolution (in standard resolution mode) is 
desired. 
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There 
are four 
prescaler 
setting, 
specified 
by the 
CCP1 M3-CCP1 MObits. Whenever the CCP module is 
turned off, orthe CCP module is not incapture mode, the 
prescaler counter is cleared. This means that any reset 
will clear the prescaler counter. 


Switching from one capture prescaler to another may 
generate an interrupt. 
Also, the prescaler counter will 
not be cleared, and therefore the first capture may be 
from a non-zero prescaler. 
Example 10-1 shows the 
recommended way to switch between capture prescalers. 
This example also clears the prescaler counter and will 
not generate the 'false' interrupt. 


EXAMPLE 10-1: 
CHANGING BETWEEN 
CAPTUREPRESCALERS 


CCP1CON 
NEW_CAPI'_PS 


; Turn 
CCP module 
off 
Load 
the 
W reg 
wi th 
the 
new prescaler 
mode 
value 
; Load 
CCP1CON with 
this 
value 


Timer1 must be running in timer mode or synchronized 
counter mode for the CCP1 modules to use the capture 
feature. 
In asynchronous 
counter mode the capture 
operation may not work. 


10.2 
Compare Mode 


In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the timer1. When a match 
occurs, the RC2/CCP1 pin is: 


• 
Driven High 
• 
Driven Low 
• 
Remains Unchanged 


The action on the pin is based on the control bits 
CCP1M <3:0> in registerCCP1CON. 
At the same time, 


a compare 
interrupt is also generated 
(bit CCP11R, 


register CCP1CON). The user must set the RC2/CCP1 
pin as an output through the TRISC<2> bit. 


'Note: Clearing th8 CCP1CON register will force 
the RC2ICCP1 compare output IaIch to the 
default low level. This is not the data latch. 


Timer1 must be running in timer mode or synchronized 
counter mode if the CCP1 module is using the compare 
feature. 
In asynchronous counter mode the compare 
operation may not work. 


Another compare mode is software interrupt mode in 
which the CCP1 pin is not affected. 
Only CCP11F 
interrupt is generated. 


The special trigger output of CCP1 is an internal Hard- 
ware Trigger which can be used to reset the timer1. This 
allows the CCPR1 register to effectively 
be a 16-bit 


programmable period register for timer1. 


_5etCCPlIF 


•.. ~ 
interrupt 


~ 
CD 
PIR<2> 
""" 
~iil 
a. 
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10.3 PWM Mode 


In Pulse Width Modulation (PWM) mode, the RC2ICCPl 
produces up to 10-bit resolution PWM output. This pin 
must be configured as an output through the TRISC<2> 
bit. In PWM mode, the user writes the 8-bit duty-eycle 
value to the low byte of the CCPRl 
register, namely 
CCPRl L. The high-byte, CCPR1H is used as the slave 
buffer to the low byte. The 8-bit data is transferred from 
the master to the slave when the PWMl output is set (Le. 
althe beginning of the duty cycle). This double buffering 
is essential for glitch less PWM output. 
In PWM mode 


CCPR 1H is readable but not writable. The period of the 
PWM is detennined by timer2 period register (PR2). 


PWM period is = 


[(PR2) + 1)04 tose 0(TMR2 prescale value) 


PWM duty cycle = 


(DC1) 0tose 0 (TMR2 prescale value) 


where 
DCl 
= 10 bit 
value 
from 
CCPRl 
Land 


CCPl CON<5:4> concantenated. 


The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 


Note: 
ClearingtheCCP1CONregisterwilUorcethe 
AC2(CCP1 PWM output latch to the default 
loW~V$(.lb~isoot ~iVO 4""'tcb- 


FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 


Note: 8-bit timer is concantenated 
with 2-bit intemal a clock 


or 2 bits of the prescaler to create la-bit time base. 


TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 


Max 
Frequency 
Resolution 
(High 
TMR2 
TMR2 
TMR2 
Resolution 
Mode) 
Preseale = 1 Preseale = 4 Prescale = 16 


10 bit 
19.53 KHz 
4.88 KHz 
1.22 KHz 


9 bit 
39.06 KHz 
9.77 KHz 
2.44 KHz 


8 bit 
78.13 KHz 
19.53 KHz 
4.88 KHz 


PWM Frequency 
1.22 KHz 
4.88 KHz 
19.53 KHz 
78.13 KHz 
157.5 KHz 
210.53 KHz 


Timer Prescaler(1, 4, 16) 
16 
4 
1 
1 
1 
1 


PR2Value 
OxFF 
OxFF 
OxFF 
OxFF 
Ox7F 
Ox5F 


Resoution(High-resolutionmodel) 
10-bit 
10-bit 
10-bit 
B-bit 
7-bit 
6.5-bit 


Resolution(Standard-resolutionmodel) 
B-bit 
B-bit 
B-bit 
6-bit 
5-bit 
4.5-bit 


t Standard resolution mode has the CCPIX:CCPIY 
bit constant (or '0'), and only compares the TMR2 against the PR2. The a-cycles 


are not used. 
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Address 
Name 
Bit 7 
Bit 6 
BitS 
Bit4 
Bit 3 
Bit2 
Bit 1 
Bit 0 


0B/8B 
INTCON 
GIE 
PEIE 
TOlE 
)NTE 
RBlE 
·····TOF 
INTF 
RBIF 


OC 
PIR1 
.... PSPlF 
- 
- 
- 
SSPIF 
CCP11F 
TMA2IF 
TMR11F 


8C 
PIE1 
PSPlE 
- 
- 
- 
SSPtE 
CCP11E 
TMR2IE 
TMR11E 


OE 
TMR1l 
TImer1 least 
Significant Byte 


OF 
TMR1H 
TImer1 Most Significant 
Byte 


10 
T1CON 
- 
- 
T1CKPS1 
T1CKPSO 
T10SCEN 
T11NSYNCI 
TMR1CS 
TMR10N 


15 
CCPR1l 
TImer1 Capture Register (lSB) 


16 
CCPR1H 
TImer1 Capture Register (MSB) 


17 
CCP1CON 
- 
- 
t, CCPtX ·ICCPlY;.1 CCP1 M3 
CCP1M2 
CCP1M1 
CCP1MO 


Address 
Name 


OB/8B 
INTCON 


OC 
PIR1 


8C 
PIE1 


OE 
TMR1l 
TImer1 least 
Significant Byte 


OF 
TMR1H 
Timer1 Most Signijicant 
Byte 


10 
T1CON 


15 
CCPR1l 
TImer1 Compare 
Register (lSB) 


16 
CCPR1H 
TImer1 Compare 
Register (MS6) 


17 
CCP1CON 


OB/86 


OC 


8C 


11 


92 


12 


15 


16 


17 


INTCON 


PIR1 


PIE1 


TMR2 


PR2 


T2CON 


CCPR1l 


CCPR1H 


CCP1CON 


IN1'F 


TMR21F 


TMR21E 


RBlF 


TMRtlF 


TMR1lE 
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11.0 
SYNCHRONOUS 
SERIAL PORT 
(SSP) 


The Synchronous Serial Port (SSP) module is a serial 
interface useful for communicating with other peripheral 
or microcontroller 
devices. These peripheral devices 


may be Serial EEPROMs, shift registers, display drivers, 
AID converters, etc. The SSP module can operate in one 
of two modes: 


• 
Serial Peripheral Interface (SPI) 
Inter-Integrated Circuit WC) 


Register SSPSTAT 
ANI: 
Addr: 94h 
POR value: OOh 
R: 
U: 


Readable & 
writable bit 
Read only bit 
Unimplemented, 
read as '0' 


BF: 
Buffer full 
Receive Mode 
1 = Receive complete, 
SSPBUF is full 
o = Receive not complete, 
SSPBUF is empty 


Transmtt Mode 
1 = Transmit in progress, SSPBUF is full 
0= 
Transmit complete, 
SSPBUF is empty 


UA: 
Update Address 
(10-bit I'C slave mode only). 


1 = Indicate that the user needs to update the 
address in the SSPADD register. 
See 


Section 11.2 for details. 


o = Address does not need to be updated. 


ANi: 
Read/write bit information 
(I'C mode only) 


This bit holds the RlW bit information 
received 


following the last address match. 
This bit is only 
valid during the transmission. 
The user may use this bit in software to determine 
whether transmission 
or reception is in progress. 
1 = Read 
0= 
Write 


s: Start bit (I'C mode only) 
Flag 
This bit is cleared when the SSP module is 
disabled (SSPEN is cleared) 
1 = Indicates that a start bit has been detected 


last. This bit is 0 on reset. 


o = Start bit was not detected last 
Note: 
This bit also operates in the Master Modes 


P: Stop bit (12C mode only) 
Flag 
This bit is cleared when the SSP module is 
disabled (SSP EN is cleared) 
1 = Indicates that a stop bit has been detected 
last. 


o = Stop bit was not detected last 
Note: 
This bit also operates in the Master Modes 


oil.: Data/Address 
bit (I'C mode only) 


1 = Indicates that the last byte received was data 
o = Indicates that the last byte received was 


address 
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I-FWl~;;---;;FWI~:----;FWI~;;----;;FWI~;---;;FWI-;:;;---;;FWI-;:;;----;;FWI~-;--FWl~;;----;:::R=e=g=is=te=r=s=s=p=C=O=N:;:FWI==:=R=e=a=da=bl=e=&==:;-l 
I WCOl I SSPOV I SSPEN I CKP I SSPM31 SSPM2 I SSPMll 
SSPMO I 
Addr: 14h 
writable bit 
Bit 0 
POR value: ooh 
R: 
Read only bit 
U: 
Unimplemented, 
read as '0' 


L- __ 
...J....__ 
--!. 
.l- SSPM<3:O>: 
Synchronous 
serial port mode select 


סס oo = SPI master mode, clock = oscl4 
0001 = SPI master mode, clock = oscl16 
0010 = SPI master mode, clock = oscl64 
0011 = SPI master mode, clock = (TMR2 outpull2) 
0100 = SPI slave mode, clock = SCK pin. SS pin control 
enabled. 
0101 = SPI slave mode, clock = SCK pin. SS pin control 


disabled. 
SS can be used as 1/0 pin. 


0110= 
IZCslave mode, 7·bit address 
0111 = IZCslave mode, 1Q-bit address 
1011 = IZCmaster mode support enabled (slave idle) 
1110 = IZCslave mode, 7·b~ address with master mode 
support enabled 
1111 = IZC slave 
mode, 
1Q-b~ address 
with master 
mode support enabled 


L- 
CKP: Clock polarity select. 


In SPI modes' 
1 = Transmit happens on falling edge, receive on rising 
edge. 
Idle state for clock is a High level. 


0= 
Transmit happens on rising edge. receive on falling 
edge. 
Idle state for clock is a low 
level. 


In.l~ 
SCK release control 
1 = Enable clock 
o = Holds clock low (clock stretch) 
Note: Used to ensure data setup time 


'------------------ 
SSPEN: 
Sync serial port enable 
In SPI modes' 


1 = Enables serial port and configures SCK, SDO and 
SOl as serial port pins. 


o = Disables serial port and configures these pins as 
1/0 port pins. 


In.l~ 
1 = Enables the serial port and configures SDA and 
SCl 
pins as serial port pins. 


o = Disables serial port and configures these pins as 
VO port pins. 


In both 
modes, 
when 
enabled, 
these 
pins must be 
property configured 
as input or output. 


SSPOV: 
Receive overflow flag. 
In SPI modes' 


1 = A new byte is received while SSPBUF register is 
still holding the previous data. In case of overflow, 
the data in SSPSR is lost. Overflow can only occur 
in slave mode. The user must read the SSPBUF, 
even if only transmitting 
data, to avoid setting 
overflow. 
In master mode overflow bit is not set 
since each new reception 
(and transmission) 
is 
initiated by writing to SSPBUF. 


In.l~ 
1 = A byte 
is received 
while 
the 
SSPBUF 
is still 
holding the previous byte. 
SSPOV is a don't care in transmit mode. 


SSPOV must be cleared in software in either mode. 


'------------------------ 
WCOl: 
Write collision detect. 
1 = the 
SSPBUF 
register 
is written 
while 
it is still 


transmitting 
the previous word. 
Must be cleared in software. 
o = No collision 
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The SPI mode allows B-bits of data to be synchronously 
transmitted 
and received simultaneously. 
To accom- 
plish communication, typically three pins are used: 


• 
Serial Data Out (SOO) 
• 
Serial Data In (SOl) 
• 
Serial Clock (SCK) 


Additionally a fourth pin may be used when in a slave 
mode of operation: 


• 
Slave Select (SS ) 


When initializing the SPI, several options need to be 
specified. This is done by appropriately programming 
the control bit inthe SSPCON register (SSPCON<5:0». 
These control bits allow the following to be specified: 


• 
Master Mode (SCK is the clock output) 
• 
Slave Mode (SCK is the clock input) 
• 
Clock Polarity 
(Output/Input 
data on the Rising! 
Falling edge of SCK) 
• 
Clock Rate(Master mode only) 
• 
Slave Select Mode (Slave mode only) 


The SSP consists of a transmit/receive 
Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, while the 
SSPBUF holds the data that was written to the SSPSR, 
until the received data is ready. Once the B-bits of data 
have been received, that information is moved to the 
SSPBUF 
register, 
the 
Buffer 
Full 
(BF) 
bit 
(SSPSTAT <0» and the SSPIF bit are set. This double 
buffering ofthe received data (SSPBUF), allows the next 
byte to start reception before reading the data that was 
received. Any write to the SSPBUF 
register during 
transmission/reception 
of data will be ignored, and the 
write collision detect (WCOl) 
bit (SSPCON<7» 
will be 
set. User software must clear the WCOl bit so that it can 
be determined if the following write(s) to the SSPBUF 
completed successfully. When the application software 
is expecting to receive valid data, the SPPBUF should 
be read before the next byte of data to transfer is written 
to the SSPBUF. The Buffer Full (BF) bit (SSPSTAT <0» 
indicates when the SSPBUF has been loaded with the 
received data (transmission 
is complete). 
When the 
SSPBUF is read, the BF bit is cleared. This data may be 
irrelevant if the SPI is only a transmitter. 
Generally the 
SSP Interrupt is used to determine when the transmis- 
sion/reception has completed. The SSPBUF can then 
be read (if data is meaningful) 
and/or the SSPBUF 
(SSPSR) can be written. 
If the interrupt method is not 
going to be used, then software polling can be done to 
ensure that a write collision does not occur. Example 11-1 
shows the loading of the SSPBUF (SSPSR) for data 
transmission. The instructions with the comment fields 
beginning with ;*** are only required if the received data 
is meaningful. 


EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 


; Speci fy Bank 1 
;Has data been 
;received 
; (transmit complete)? 
;No 
; Spec ify Bank 0 
;Wreg 
= contents 
;of SSPBUF 
; *** 
Save in 
user 
RAM 


;W reg = contents 
of 


;TXIlI'.TA 


; New data to xmit. 


The block diagram of the SSP module, when in SPI 
mode (Figure 
11-3), shows that the SSPSR 
is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPST AT) indicates the various 
status conditions. 
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ooro 


OCF 
MJVF 


LOOP 


STATUS, 
RPO 
SSPBUF, W 


FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPI MODE) 
• 


To enable the serial port, the SSP enable bit (SSPEN) 
ID\!st be set. This configures the SOl, SDO, SCK, and 
SS pins as serial port pins. For the pins to behave as the 
serial port function, they must have their data direction 
bits (in the TRISC register) appropriately programmed. 
That is: 


• 
SOl must have TRISC<4> set 
• 
SDO must have TRISC<5> cleared 
• 
SCK (Master mode) must have TRISC<3> cleared 
• 
SCK (Slave mode) must have TRISC<3> set 


• 
SS must have TRISA<5> set 


Any serial port function that is not desired may be 
overridden 
by programming 
the corresponding 
data 
direction (TRIS) register to the opposite value. An ex- 
ample would be in master mode where you are Q!l!y 
sending data (to a display driver), then both SOl and SS 
could be used as general purpose inputs by clearing 
their corresponding TRIS register bits. 


Figure 11-4 shows a typical connection between two 
microcontrollers. 
The master controller (Processor 
1) 


initiates the data transfer by sending the SCK signal. 
Oata is shifted out of both shift registers on their pro- 
grammed clock edge, and latched on the opposite edge 
of the clock. Both processors should be programmed to 
same Clock Polarity (CKP), then both controllers would 
send and receive data at the same time. Whether the 
data is meaningful (or dummy data) depends on the 
application software. This leads to three scenarios for 
data transmission: 


• 
Master sends data - 
Slave sends dummy data 
• 
Master sends data - 
Slave sends data 


• 
Master sends dummy data - 
Slave sends data 


SPI Master SSPM<3:0> = OOxxb 


SDO 


msb 
Isb 


SCLK, 


PROCESSOR 1 
: 
________________________ 
1 


The master can initiate the data transfer at any time 
because it controls the SCK. How the master knows 
when the slave (Processor 2) wishes to broadcast data 
is determined by the software protocol 


In master mode the data is transmitted/received 
as 


soon as the SSPBUF is written to. lithe SPI is only going 
to receive, the SCK output could be disabled (pro- 
grammed as an input). The SSPSR register will con- 
tinue to shift in the signal present on the SOl pin at the 
programmed clock rate. As each byte is received, it will 
be loaded into the SSPBUF as if a normal received byte 
(interrupts and status bits appropriately set). This could 
be useful in receiver applications 
as a "line activity 


monitor" mode. 


In slave mode, the data is transmitted and received as 
the extemal clock pulses appear on SCK. When the last 
bit is latched the interruptflag 
(SSPIF) is set (PIR1 <3». 


The clock polarity is selected by appropriately program- 
ming the CKP bit (SSPCON<4». 
This then would give 


waveforms 
for SPI communication 
as shown 
in 


Figures 
11-5 and 11-6. In master mode the SPI clock 


rate (bit rate) is user programmable 
to be one of the 


following: 


• 
OSC 14 (or Tcy) 
·OSC/16(or4·Tcy) 
• 
OSC 164 (or 16· Tcy) 
• 
Timer2 output I 2 


This allows a maximum bit clock frequency (at 20 MHz) 
of 5 MHz. When in slave mode the extemal clock must 
meet the minimum high and low times as specified in 
timing parameters 71 and 72. 


SPI Slave SSPM<3:0> = 010xb 


SOl 


Serial 
Clock 


msb 
• 
, SCLK 
, 


: 
PROCESSOR 2 


~------------------ 
I 
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The SS pin allows a synchronous slave mode. The SPI 
must be in slave mode (SSPCON<3:0> = 04h) and the 
TRISA<5> bit must be set the forthe synchronous slave 
mode to be enabled. When the SS pin is low, transmis- 
sion and receptiolLare 
enabled and the SOO pin is 
driven. When the SS pin goes high, the SOO pin is no 
longer driven, even if in the middle of a transmitted byte, 
and becomes a floating output. External pull-up I pull- 


down resisters may be desirable, depending 
on the 
application. 


To emulate 2-wire communication, the SOO pin can be 
connected 
to the SOl pin. When the SPI needs to 
operate as a receiver the SOO pin can be configured as 
an input. This disables transmissions from the SOO. The 
SOl can always be left as an input (SOl function) since 
it cannot create a bus conflict. 


___________ 
r-- 


ss~~--------------r 


Address 
Name 
Bit 7 
Bit6 
BitS 
Bit 4 
Bit 3 
Blt2 
Bit 1 
Bit 0 


TOle 
INTE 
TOIF· 
.. 
flslF 
08l8B 
INTCON 
GIE 
PEIE 
RBIE 
INTP 


OC 
PIR1 
PSPIf 
- 
- 
- 
SSPIF 
CCPllF 
TMR2IF 
TMR1lF 
Be 
PIE1 
PSPlE 
- 
- 
- 
SSPIE 
CCP11E 
TMR2IE 
TUR11E 


13 
SSPBUF 
Synchronous 
Serial Port Receive BufferfTransmit 
Register 


14 
SSPCON 
weOL 
SSPOV 
SSPEN 
I 
CKP 
I SSPM3 
SSPM2 
SSPM1 I 
SSPMO 


94 
SSPSTAT 
- 
- 
\. 
oiA 
P 
s 
ANI 
UA 
1 
BF 
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11.2 
12(; Overview 


This section gives an overview of the Inter-IC (l2C) bus, 
with Section 11.3 discussing the operation of the SSP 
module in 12C mode. The Inter-IC (lOG)bus is a two-wire 
serial interface developed by PhilipslSignetics"". 
The 
original specification, or standard mode, was for data 
transfers of up to 1OQ-Kbps.An enhanced specification, 
or fast mode, supports data transmission 
up to 400 
Kbps. Both standard mode and fast mode devices will 
inter-operate if attached to the same bus. 


The 12C interface employs a comprehensive protocol to 
ensure reliable transmission 
and reception of data. 
When transmitting 
data, one device is the "master" 
(generates the clock), while the other device(s) acts as 
the "slave". All Portions of the slave protocol are imple- 
mented in the SSP module's hardware, while portions 
of the master protocol will need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 


12C-bus terminology. 
For additional information on the 


12C interface specification, 
please refer to the PhiIipsi 
Signetics""" document" 
The 
12C-bus and how to use ir. 
The order number for this document is 98-8080-575. 


In the lOGinterface protocol each device has an address. 
When a master wishes to initiate a data transfer, it first 
transmits the address of the device that it wishes to "talk" 
to. All devices "listen" to see if this is their address. Within 
this address, a bit specifies if the master wishes to read 
I write from I to the slave device. The master and slave 
are always in opposite modes (transmitter/receiver) 
of 
operation during a data transfer. That is they can be 
thought of operating in either of these two relations: 


• 
Master-transmitter and Slave-receiver 
Slave-transmitter and Master-receiver 


In both cases the master generates the clock signal. 


The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain or open-eollector in order 
to perform the wired-AND function of the bus. Extemal 
pull-up resistors are used to ensure a high level, when no 
device is pulling the line down .. The number of devices 
that may be attached to the FC bus is limited only by the 
maximum bus loading specification of 400 pF. 


11.2.1 
INITIATING AND TERMINATING 
DATA 
TRANSFER 


During times of no data transfer (idle time), both the 
clock line (SCL) and the data line (SDA) are pulled high 
through the extemal pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 
to low transition of the SDA when the SCL is high. The 
STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans- 
fer. Due to the definition 
of the START and STOP 
conditions, when data is being transmitted the SDA line 
can only change state when the SCL line is low. 


FIGURE 11-7: 
START AND STOP 
CONDITIONS 
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Start 
Change 
Change 
Stop 
Condition 
01Data 
of Data 
Condition 
Allowed 
Allowed 


Term 
DescrlDtlon 


Transmitter 
The device that sends the data to the bus 


Receiver 
The device that receives the data from the bus 


Master 
The device which initiates the transfer, generates the clock, and terminates the transfer 


Slave 
The device addressed by a master 


Multi-master 
More than one master device in a system. These masters can attempt to control the bus at the same 
time without corrupting the message 


Arbitration 
Procedure that ensures that only one of the master devices will control the bus. This ensures that 
the transfer data does not get corrupted. 


Synchronization 
Procedure where the clock signals of two or more devices are synchronized. 
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There are two address formats. The simplest is the 7-bit 
address format with a R/W bit (see Figure 11-8). The 
more complex is the 1O-bitaddress with a R/W bit (see 
Figure 11-9). For 1O-bitaddress format, two bytes must 
be transmitted with the first five bits specifying this to be 
a 10-bit address. 


MSB 
LSB 
0::::::~ 
L slave address --.J 
Sent by 


S 
Start Cond«ioo 
RIW 
- 
ReadiWrite pulse 
ACK - 
AcI<nowIedge 


S 
- Start Cond~ion 
RIW - ReadlWrite Pulse 
ACK - Acknowledge 


"'--1 
soAt\lL=x:=x ~= 


: 
I 
MSB 
acknowledgement 
I 
: 
signal from receiver 
I 
I 
I 
I 
I 
I 
I 
I 


SC~ 
I 
-I 
-- 
Si;;rt 
~I -------~ 
Condition 
Address 


11.2.3 
TRANSFER ACKNOWLEDGE 


All data must be transmitted per byte, with no limit to the 
number of bytes transmitted 
per data transfer. After 
each byte..J/le slave-receiver 
generates an acknowl- 


edge bit (ACK). This is shown in Figure 11-10. When a 
slave-receiver doesn't acknowledge the slave address 
or received data, the master must abort the transfer. The 
slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7). 


FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 
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Condhion 
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If the master is receiving the data (master-receiver), 
it 


generates an acknowledge 
signal for each received 
byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, 
the master does not 


generate an acknowledge (not acknowledge). The slave 
then releases the SDA line so the master can generate 
the STOP condition. The master can also generate the 
STOP condition during the acknowledge pulse for valid 
termination of data transfer. 


If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move the 
received data or fetch the data it needs to transfer before 
allowing the clock to start. This wait state technique can 
also be implemented 
at the bit level. 
Figure 11-11 
shows a data transfer waveform. 
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PIC16C64 


Figures 11-12 and 11-13 show Master-transmitter and 
Master-receiver data transfer sequences. 


When a master does not wish to relinquish the bus (by 
generating a STOP condition), a repeated START con- 
dition (Sr) must be generated. This condition is identical 
to the start condition (SDA goes high-to-Iow while SCL 


data transferred 
(n bytes - acknowledge) 


A master transmitter 
addresses 
a slave receiver with a 
7-bit address. 
The transfer direction is not changed. 


A = acknowledge 
(SDA low) 
• 
From 
master to slave 
Ii. = not acknowledge 
(SDA high) 
S = START condition 
o From slave to master 
P = STOP condition 


• 
From 
master to slave 
o From 
slave to master 


~ = acknowledge 
(SDA low) 
A = not acknowledge 
(SDA high) 
S = START condition 
P = STOP condition 


is high), but occurs after a data transfer acknowledge 
pulse (not the bus-free state). This allows a master to 
send ·commands· 
to the slave and then receive the 
requested information or to address a different slave 
device. This sequence is shown in Figure 11-14. 


Direction of transfer 
START condition 
may change at this point 


Transfer direction of data and acknowledgement 
bits depends on RiW bits. 


Combined format - A master addresses a slave with a 10-bit address, then transmits 
data 
to this slave and reads data from this slave. 


~ = acknowledge 
(SDA low) 
III From 
master to slave 
A = not acknowledge 
(SDA high) 
S = START condition 
o From slave to master 
P = STOP condition 
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The 12Cprotocol allows a system to have more than one 
master. This is called multi-master. When two or more 
masters try to transfer data at the same time, arbitration 
and synchronization occur. 


Arbitration takes place on the SDA line, while the SCl 
line is high. The master which transmits a high when the 
other master transmits 
a low loses arbitration 
(see 


Figure 11-15), 
and turns off its data output stage. A 


master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing the same 
device, arbitration continues into the data. 


FIGURE 11-15: MULTI-MASTER 
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Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
slave-receiver mode. This is because the winning mas- 
ter-transmitter may be addressing it. 


Arbitration is not allowed between: 


• 
A repeated START condition 
• 
A STOP condition and a data bit 
• 
A repeated START condition and 
a STOP condition 


Care needs to be taken to ensure that these conditions 
do not occur. 


Clock synchronization 
occurs after the devices have 


started arbitration. This is perionned using a wired-AND 
connection to the SCl line. A high to low transition on the 
SCl line causes the concerned devices to start counting 
off their low period. Once a device clock has gone low, 
it will hold the SCl 
line low until its SCl 
high state is 


reached. The low to high transition of this clock may not 
change the state of the SCl line, if another device clock 
is still within its low period. The SCl line is held low by 
the device with the longest low period. Devices with 
shorter low periods enter a high wait-state, until the SCl 
line comes high. When the SCl 
line comes high, all 


devices start counting off their high periods. The first 
device to complete its high period will pUll the SCl line 
low. The SCl line high time is detennined by the device 
with 
the 
shortest 
high 
period. 
This 
is shown 
in 


Figure 11-16. 


wait 
start counting 


state 
HIGH period 
r ,-------- 
L__I 
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The SSP module in 12Cmode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications 
as well as 7-bit and 10-bit addressing. 
Two pins are used for data transfer. These are the 
RC3ISCKlSCL 
pin, which is the clock (SCL), and the 
RC4/SDVSDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> 
bits. A block diagram 
of the SSP 
module in 12Cmode is shown in Figure 11-17. The SSP 
module functions are enabled by selting the SSP Enable 
(SSPEN) bit (SSPCON<S». 


FIGURE 11·17: SSP BLOCK DIAGRAM 
(12CMODE) 


Set. Reset 
S,PMs 
(SSPSTAT 
Reg) 


The SSP module has five registers for 12Coperation. 
These are the: 


• 
SSP Control Register (SSPCON) 
• 
SSP Status Register (SSPSTAT) 
• 
Serial Receive / Transmit Buffer (SSPBUF) 
• 
SSP Shift Register (SSPSR) - Not directly 
accessible 
• 
Address Register 
(SSPADD) 


The SSPCON register allows control of the FC opera- 
tion. Four mode selection bits (SSPCON<3:0» 
allows 
one of the following '2C modes to be selected: 


• 
FC Slave mode (7-bit address) 
• 
12CSlave mode (10-bit address) 
• 
12CSlave mode (7-bit address), with 
master-mode support 
• 
12CSlave mode (10-bit address), with 
master-mode support 
• 
12CMaster mode, slave is idle 


Selection of any 12Cmode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, 
provided these pins are set to inputs through the TRISC 
bits. 


The SSPSTAT 
register gives the status of the data 
transfer. This information includes detection of a START 
or STOP bit, specifies if the received byte was data or 
address, if the next byte is the completion 
of 10-bit 
address, and if this will be a read or write data transfer. 
The SSPSTAT register is read only. 


The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered re- 
ceiver. This allows reception of the next byte before 
reading the last byte of received data. When the com- 
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is re- 
ceived before the SSPBUF is read, a receiver overflow 
has occurred and the SSPOV bit (SSPCON<6> is set. 


The SSPADD register holds the slave address. In 10-bit 
mode, the user needs to write the high byte of the 
address (1 1 1 1 
0 A9 A8 0). Following the high byte 
address match, the low byte of the address needs to be 
loaded (A7 - AO). 
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In slave mode, the SCL and SDA pins must be config- 
ured as inputs (TRISC<4:3> set). The SSP module will 
override 
the input state with the output data when 
required (slave-transmitter). 


When an address is matched or the data transfer from 
an address match is received, the hardware automati- 
cally will generate the acknowledge (ACK) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 


There are certain conditions that will cause the SSP 
module notlo give this ACK pulse. These are if either (or 
both): 


• The Buffer Full (BF) bit was set before the transfer 


was received. 


• The Overflow (SSPOV) bit was set before the transfer 


was received. 


In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared 
by reading the SSPBUF 
register while the 


SSPOV bit is cleared through software. 


The SCL clock input must have a minimum high and low 
for proper operation. The high and low times of the 12C 
specification 
as well as the requirement of the SSP 


module is shown in timing specifications #90 and 91. 


11.3.1.1 ADDRESSING 


Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the a-bits are shifted into the SSPSR. 
All incoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1> is compared to the 
SSPADD register. The address is compared on the 
falling edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SSPOV bits are clear, 
the following things happen: 


• 
SSPSR loaded into SSPBUF 
• 
Buffer Full (BF) bit is set 


• 
ACK pulse is generated 
SSP Interrupt Flag (SSPIF) is set (interrupt is gener- 
ated if enabled) - on falling edge of ninth SCL pulse 


In 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the fi~ 
address byte, specify 


if this is a 1O-bitaddress. The R/'N bit (bit 0) must specify 
a write, so the slave device will receive the second 
address byte. For a 1Q-bit address the first byte would 
equal'1111 
OA9AaO',whereA9andAaarethetwo 
MSbs of the address. The sequence of events for 10-bit 
address are as follows, with steps 7- 9 for slave-transmit- 
ter: 


1. Receive first (high) byte of Address (SSPIF, BF and 


UA are set) 
2. 
Update SSPADD with second (low) byte of Address 
(clears UA and releases SCL line) 
3. Read SSPBUF (clears BF) and clear SSPIF 
4. Receive second (low) byte of Address (SSPIF, BF 
and UA are set) 
5. Update SSPADD with first (high) byte of Address 


(clears UA, if match releases SCL line) 
6. Read SSPBUF (clears BF) and clear SSPIF 
7. Receive Repeated START condition 
a. Receive first (high) byte of Address (SSPIF and BF 
are set) 
9. Read SSPBUF (clears BF) and clear SSPIF 


Status Bits as Data 
-- 
Set SSPIF bit 


Transfer is Received 
Generate ACK 
(SSP Interrupt if 


BF 
SSPOV 
SSPSR-. 
SPBUF 
Pulse 
Enabled) 


0 
0 
Yes 
Yes 
Yes 


1 
0 
No 
No 
Yes 


1 
1 
No 
No 
Yes 
0 
1 
No 
No 
Yes 
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11.3.1.2 RECEPTION 


When the RN'I bit of the addr~s 
byte is clear and an 
address match occurs, the RN'I 
bit of the SSPSTAT 
register is cleared. The received address is loaded into 
the SSPSUF. 


When the address byte overflow condition exists then no 
acknowledge (ACK) pulse is given. An overflow condi- 
tion is defined as either the SF bit (SSPST AT<0» is set 
or the SSPOV bit (SSPCON<6» 
is set. 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPST AT register is used to determine the status of the 
byte. 


Bus Master 
terminates 
transfer 


SSPOV 
Is set J 


because 
SSPBUF 
is 


stili full. 
ACK Is not sent. 
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11.3.1.3 TRANSMISSION 


When the R!N bit of the add@ss byte is set and an 
address match occurs, the R!N bit of the SSPSTAT 
register is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled by 
setting the CKP bit (SSPCON<4». 
The eight data bits 
are shifted out on the falling edge of the SCL input. This 
ensures that the SDA signal is valid during the SCL high 
time (see Figure 11-19). 


PIC16C64 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. The SSPIF bit is set on the falling edge of the ninth 
clock pulse. 


As a slave-transmitter, the ACK pulse from the master- 
receiver is latched on the rising edge of the ninth SCL 
input pulse. If the SDA line was high (not ACK ), then the 
data transfer is complete. The slave then monitors for 
another occurrence of the START bit. Ifthe SDA line was 
low (ACK ), the transmit data must be loaded into the 
SSPBUF register, which also loads the SSPSR register. 
2 


Then the SCL pin should be enabled by setting the CKP 
bit (SSPCON<4». 
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Master mode of operation 
is supported 
by interrupt 
generation on the detection of the START and STOP 
conditions. The STOP (P)and START (S) bits are cleared 
from a reset or when the SSP module is disabled. 
Control of the 12Cbus may be taken when the P-bit is set, 
or the bus is idle and both the S- and P-bits are cleared. 


In master mode the SCl and SDA lines are manipulated 
by changing the corresponding TRISC<4:3> bit(s) to an 
output (cleared). The output level is always low, irre- 
spective 
of the value(s) 
in PORTC<4:3>. 
So when 
transmitting data, a "1" data bit must have the TRISC<4> 
bit set (input) and a "0" data bit must have the TRISC<4> 
bit cleared (output). The same scenario is true for the 
SCl line with the TRISC<3> bit. 


The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 


• 
START condition 
• 
STOP condition 
Data transfer byte transmitted/received 


Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 
enabled, the software needs to differentiate the source(s) 
of the interrupt. 


In multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P)and 
START (S) bits are cleared from a reset or when the SSP 
module is disabled. Control of the FC bus may be taken 
when the P bit is set, or the bus is idle and both the Sand 
P bits are cleared. When the bus is busy, enabling the 
SSP Interrupt will generate the interrupt when the stop 
condition occurs. 


In multi-master operation, the SDA line must be moni- 
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and SCl 
lines (set TRISC<4:3». 
There are two stages where this 
arbitration can be lost, these are: 


• 
Address Transfer 
Data Transfer 


When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans- 
fer stage, the device may be being addressed. If ad- 
dressed an ACK pulse will be generated. If arbitration 
was lost during the data transfer stage, the device will 
need to re-transfer the data at a later time. 


Address 
Name 
Bit 7 
Bit6 
BitS 
Bit4 
Bit 3 
Bit2 


OB/BS 
INTCON 
GIE 
PEIE 
TOlE 
INTE 
RBlE 
TOIF 


OC 
PIR1 
PSPfF 
SSPIF 
CCPlIF 


8C 
PIE1 
PSPIE 
SSPIE 
CCPlIE 


13 
SSPSUF 
Synchronous 
Serial Port Receive BufferfTransmit 
Register 


93 
SSPADD 
Synchronous 
Serial Port WC mode) Address Register 


14 
SSPCON 


94 
SSPSTAT 


Legend 
- 
= Unimplemented 
locations, Read as '0' 
Note: 
Shaded boxes are not used by the SSP module in j2(; mode. 


SSPMO 


SF 
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IDLE_MODE 
(7-blt): 


if (Addcmatch) 
( 
Set interrupt; 
if(RIW 
= 1) 
(Send ACK = 0; 
set XMIT _MODE; 
) 
else if (RIW 
= 0) set RCV_MODE; 


ReV_MODE: 
if «SSPBUF=Full) 
OR (SSPOV = 1» 


(SetSSPOV; 
Do not acknowledge; 
) 
else 
( transfer SSPSR ~ 
SSPBUF; 
send ACK =0; 
) 
Receive 8-bits in SSPSR; 
Set interrupt; 


XMIT_MODE: 
While «SSPBUF 
= Empty) AND (CKP=O» Hold SCL LoW; 
Send byte; 
Set interrupt; 
if (ACK 
Received = 1) 
(End of transmission; 
Go back to IDLE_MODE; 
) 
Go back to XMIT_MODE; 


IDLE_MODE 
(10-81t): 


If (High_byte_addcmatch 
AND (RIW 
= 0» 
{ PRIOR_ADDR_MATCH 
= FALSE; 


Set interrupt; 
if «SSPBUF 
= Full) OR «SSPOV = 1» 


( SetSSPOV; 


Do not acknowledge; 


) 
else 
{Set 
UA = 1; 


SendACK 
=0; 


While (SSPADD not updated) Hold SCL loW; 
ClearUA=O; 
Receive Low_addr_byte; 
Set interrupt; 
SetUA=1; 
If (Low_byte_addr_match) 


{ PRIOR~DDR_MATCH 
= TRUE; 


SendACK 
=0; 


while (SSPADD not updated) Hold SCL low; 
ClearUA=O; 
Set RCV_MODE; 


) 


) 
else if (High_byte_addr_match 
AND (RIW 
= 1) 


{ if (PRIOR_AD DR_MATCH) 
{ send ACK = 0; 


set XMIT _MODE; 


} 
else PRIOR_ADDR_MATCH 
= FALSE; 


} 
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12.0 
SPECIAL FEATURES OF THE 
CPU 


What sets apart a microcontroller from other processors 
are special circuits to deal with the needs of real time 
applications. 
The PIC16CXX family has a host of such 
features intended to maximize system reliability, mini- 
mize cost through elimination of external components, 
provide power saving operating modes and offer code 
protection. 
These are: 


1. OSC selection 
2. 
Reset 
Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 
3. 
Interrupts 
4. Watchdog Timer (WDT) 
5. 
SLEEP 
6. 
Code protection 
7. 
In-{;ircuit serial programming 


The PIC16CXX has a Watchdog Timer which can be 
shut off only through EPROM fuses. 
It runs off its own 
RC oscillator for added reliability. There are two timers 
that offer necessary delays on power-up. 
One is the 
oscillator start-up timer (OST), intended to keep the chip 
in reset until the crystal oscillator is stable. The other is 
the Power-up Timer (PWRT), which provides a fixed 
delay of 72ms (nominal) on power-up only, designed to 
keep the part in reset while the power supply stabilizes. 
With these two timers on-{;hip, most applications need 
no extemal reset circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake-up from SLEEP 
through external 
reset, Watchdog 
Timer timeout 
or 
through an interrupt. Several oscillator options are also 
made available to allow the part to fit the application. The 
RC oscillator option saves system cost while the LP 
crystal option saves power. A set of EPROM configura- 
tion bits (fuses) are used to select various options. 


12.1 
ConfigUration Fuses 


The PIC16CXX has six configuration fuses which are 
EPROM bits. These fuses can be programmed (read as 
'0') or left unprogrammed (read as '1') to select various 
device configurations. 
These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
test/configuration memory space (2000h -3FFFh), which 
can be accessed during programming. 


Register: FUSES RIW: Readable& 
Address: 2oo7h 
writable 
R: 
Readonly 


FOSC<1:0>: OSC selectionfuses. 


11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WDT enablefuses. 


1 = WDT enabled 
o = WDT disabled 


PWRTE: Power-uptimerenablefuses. 


1 = power-uptime enabled 
o = power-uptimerdisabled 


CP<1:0>: Codeprotectionfuses. 


11: Codeprotectionoff 
10: Upperhalfof programmemorycode 
protected 
01: Upper314thof programmemorycode 
protected 
00: All memoryis code protected 


RESERVED: Readas 1 beforeprogramming 
and0 after programming. 


Unimplemented,read as 1. 
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The PIC16CXX 
can be operated 
in four different 
oscilla- 
tor options. 
The user can program 
two configuration 
bits 


(FOSCl 
and FOSCO) to select 
one of these four modes: 


• 
LP 
Low 
Power 
Crystal 


• 
XT 
Crystal 


• 
HS 
High 
Speed 
Crystal 


• 
RC 
Resistor/Capacitor 


12.2.2 
CRYSTAL 
OSCILLATOR 
/ CERAMIC 


RESONATORS 


In XT, LP or HS modes 
a crystal 
or ceramic 
resonator 
is 
connected 
to the 
OSCl 
and 
OSC2 
pins 
to establish 
oscillation 
(Figure 
12-2). 
The 
PIC16CXX 
Oscillator 
design 
requires 
the use of a parallel 
cut crystal. 
Use of 
a series 
cut 
crystal 
may 
give 
a frequency 
out 
of the 
crystal 
manufacturers 
specifications. 
When 
in XT, LP or 
HS modes, 
the device 
can have an extemal 
clock source 
to drive 
the OSCl 
pin. 
This 
is shown 
in Figure 
12-3. 


FIGURE 12-2: CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 


0--- 


Tolntemal 
Ioglc 


SLEEP 


See Tables 12-1 and 12-2 for recommended 
values of C1 
and C2. 


Note1: A series resistor may be required for AT strip cut 
crystals. 


FIGURE 12-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


OSC1 


PIC16CXX 


OSC2 


TABLE 12-1: 
CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 


Type 
Frequency 
Cl 
=C2 


XT 
455 
KHz 
150 - 330 
pF 


2.0 MHz 
20-330 
pF 


4.0 MHz 
20 -330 
of 


HS 
8.0 MHz 
20- 
200 
pF 


Higher capacitance 
increases the stability of oscillator but 
also increases 
the start-up 
time. 
These 
values 
are for 
design guidance only. 
Since each resonator 
has its own 
characteristics, the user should consun the resonator manu- 
facturer for appropriate 
values of extemal components. 


TABLE 12-2: 
CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 


Osc 
Freq 
Cl 
C2 
Type 


LP 
32 KHz§ 
15 pF 
15 pF 


100 KHz 
15 pF 
15 pF 


200 KHz 
0- 
15 of 
0- 
15 of 
XT 
100 KHz 
15 - 30 pF 
200 
- 300 pF 


200 KHz 
15 - 30 pF 
100 - 200 
pF 


455 KHz 
15 - 30 pF 
15-1oopF 


1 MHz 
15-30pF 
15-30pF 


2MHz 
15 pF 
15 pF 


4MHz 
15 of 
15 of 


HS 
4 MHz 
15 pF 
15 pF 


8MHz 
15 pF 
15 pF 


20 MHz 
15 pF 
15 pF 


Higher capacitance 
increases the stability of oscillator but 
also increases 
the start-up 
time. 
These 
values 
are for 


design guidance only. 
Rs may be required in HS mode as 
well as XT mode to avoid overdriving crystals with low drive 
level specification. 
Since each crystal has its own charac- 
teristics, the user should consult the crystal manufacturer 
for appropriate values of external components. 


§ For Voo > 4.5V, C1 = C2 =. 30pf is recommended. 
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12.2.3 
EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. 
A well-designed 
crystal oscillator will 
provide good performance with TTL gates. Two types of 
crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 


Figure 12-4 shows implementation of a parallel resonant 
oscillator circuit. 
The circuit is designed to use the 
fundamental 
frequency of the crystal. 
The 74AS04 
inverter performs the 180-degree phase shift that a 
parallel oscillator requires. The 4.7 k!l resistor provides 
the negative feedback for stability. The 10 k!l potenti- 
ometer biases the 74AS04 in the linear region. 
This 
could be used for extemal oscillator designs. 


FIGURE 12-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


PIC16CXX 


CLKIN 


Figure 12-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental 
frequency of the crystal. 
The inverter performs a 180- 
degree phase shift in a series resonant oscillator circuit. 
The 33o-n resistors provide the negative feedback to 
bias the inverters in their linear region. 


FIGURE 12·5: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 
e~" 
XTAL 


PIC16CXX 


CLKIN 


For timing insensitive applications the 'RC' device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of extemal R and C components 
used. 


Figure 12-6 shows how the RlC combination 
is con- 
nected to the PIC16CXX. 
For Rext values below 2.2 
kOhm, the oscillator operation may become unstable, or 
stop completely. 
For very high Rext values (e.g. 1 
MOhm), the oscillator becomes sensitive to noise, hu- 
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 


Although the oscillator will operate with no extemal 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small extemal capacitance, 
the oscillation frequency 
can vary dramatically due to changes in extemal capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See Section 17.0 for RC frequency variation from part to 
part due to normal process variation. 
The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See Section 17.0 for variation of oscillator frequency due 
to Voo for given RexVCext values as well as frequency 
variation due to operating temperature for given R, C, 
and voo values. 


The oscillator frequency, divided by 4, is available on the 
OSC2ICLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3-2 for wave- 
form). 


Cext I 


Vss -= 
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12.4 Power-On Reset (PaR). Power-Up-Timer 
(PWRD and Oscillator 
Start-up Timer 
(QID 
The PIC16CXX differentiates between various kinds of 
reset: 


a) 
Power-On Reset (POR) 


b) 
MCLR Reset during normal operation 


Cd) MCLR reset during SLEEP 
) 
WDT time-out reset during normal operation 
e) 
WDT time-out reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on paR and unchanged in any 
other reset. 
Most other registers are reset to a "reset 
state" on power-on reset (POR), on MClR or WDT reset 
during nonnal 
operation and on MClR 
reset during 
SLEEP. They are not affected by a WDT reset during 
SLEEP, since this reset is viewed as the resumption of 
nonnal operation. 
TO and PO bits are set or cleared 
differently in different reset situations as indicated in 
Table 12-4. These bits are used in software to detennine 
the nature of reset. See Table 12-6 for a full description 
of reset states of all registers. 


A simplified block diagram of the on~hip reset circuit is 
shown in Figure 12-7. 


12.4.1 Power-On Reset (POR) 


A Power-On Reset pulse is generated on~hip when Voo 
rise is detected (in the range of 1.6V - 1.8V). To take 
advantage of the POR, just tie MCLR pin directly (or 
through a resistor) to Voo. This will eliminate extemal 
RC components usually needed to create Power-0n 
Reset. A minimum rise time for Voo is required. 
See 
Electrical Specifications for details. 


The POR circuit does not produce internal reset when 
Voo declines. 


12.4.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72ms time-out on 
power-up only from POR. The power-up timer operates 
on an internal RC oscillator. The chip is kept in reset as 
long as PWRT is active. 
The PWRT delay allows the 
Voo to rise to an acceptable level. A configuration fuse, 
PWRTE can enable (if set) or disable (if cleared or 
programmed) the power-up timer. 


The Power-Up Time delay will vary from chip to chip and 
due to Voo and temperature. 
See the DC Parameters 
section for details. 


t This 
is a separate 
oscilator 
from the 
RC oscillator 
of the CLKIN 
pin. 


POWER_UP 
ANO 
PWRTE 
(Enable 
the PWRT 
timer 
only 
if ~ is power_up 
and power_on 
timer 
fuse 
is enabled.) 
l 


POWER_UP 
+WAKE_UP) 
(Xl + LP + HS) 
Enable 
the OST if it is power_up 
or wake_up 
rom SLEEP 
and OSC 
type is Xl, HS, or LP) 
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12.4.3 OSCILLATOR START-UP TIMER (OST) 


The Oscillator 
Start-Up Timer 
(OST) provides 
1024 
oscillator cycle (from OSC1 input) delay after the PWRT 
delay is over. This guarantees that the crystal oscillator 
or resonator has started and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 


12.4.4 TIME-OUT SEQUENCE 


On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. 
The total time-out will vary based on 
oscillator configuration 
and PWRTE fuse status. 
For 
example, in RC mode with PWRTE fuse cleared (PWRT 
disabled), there will be no time-ou1 at all. Figures 12-8 
to 12-10 depict time-out sequences. 


TABLE 12-3: TIME-OUT IN VARIOUS 
SITUATIONS 


Oscillator 
Powerup 
Wake up from 
Contigurallon 
PWRTE=1 
PWRTE=0 
SLEEP 


XT, HS, LP 
72ms+ 
1024 tosc 
1024 tosc 
1024 tosc 
RC 
72ms 
- 
- 


Since the time-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. 
Then 
bringing MCLR high will begin execution immediately 
(see Figure 12-9). This is useful for testing purposes or 
to synchronize more than one PIC16CXX device oper- 
ating in parallel. 


Table 12-5 shows the reset conditions for some special 
registers, while Table 12-6 shows the reset conditions 
for all the registers. 


12.4.1 POWER CONTROUSTATUS 
REGISTER 
(PCON) 


The power controVstatus register, PCON (address 8Eh) 
has only one bit. 


Bit1 is POR (Power-on-reset). It is cleared on power-on- 
reset and unaffected otherwise. The user must set this 
bit following power-on-reset. 
On a subsequent reset if 
POR is 'cleared, it will indicate that a Power-On Reset 
must have occured (Voo may have gone too low). 


TABLE 12-4: 
STATUS BITS AND THEIR 
SIGNIFICANCE 


POR 
TO 
PO 


0 
1 
1 
Power-on-reset 
- 
0 
0 
X 
Illegal, TO is set on POR 


0 
X 
0 
Illegal, PO is set on POR 


1 
0 
1 
WOT reset during normal operation 


1 
0 
0 
WOT timeout wakeup from SLEEP 


1 
1 
1 
MCLR reset during normal operation 


1 
1 
0 
MCLR reset dUrin~ SLEEP or 
interrupt wake-up 
rom SLEEP 


PCl 
STATUS 
PCON 
Addr: 02h 
Addr: 03h 
Addr: 8Eh 


Power-On Reset 
OOOh 
0001 1xxx 
---- 
--0- 
-- 
MCLR reset during normal operation 
OOOh 
0001 1uuu 
---- 
--u- 
-- 
MCLR reset during SLEEP 
OOOh 
0001 Ouuu 
---- 
--u- 


WDT reset during normal operation 
OOOh 
0000 1uuu 
---- --u- 


WOT during SLEEP 
PC+ 1 
uuuO Ouuu 
---- --u- 


Interrupt wake-up from SLEEP 
PC + 1 (1) 
uuu1 
Ouuu 
---- 
--u- 


Legend: 
u 
= 
unchanged 
x 
= 
unknown 
- 
= 
unimplemented 
bit, reads as '0' 


Notes: 
1. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (OO04h). 
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Register 
Address 
• Power-on 
Reset 
• t.O..R 
Reset during: 
• 
Wake up from 
SLEEP 
• normal 
operation 
through 
Interrupt 
-SLEEP 
• 
Wake up from 
SLEEP 
• WDT timeout 
during 
normal 
through 
WDT timeout 
operation 


W 
- 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


INOF 
OOh 
- 
- 
- 


TMRD 
D1h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


PC 
D2h 
OOOOh 
OOOOh 
PC 
+ 
1 
(2) 


STATUS 
D3h 
0001 
1xxx 
OOO? 
?uuu 
(3) 
uuu? 
?uuu 
(3) 


FSR 
04h 
xxx>< 
xxx>< 
UUllU 
uuuu 
UUUU 
uuuu 


PORTA 
D5h 
--xx 
xxxx 
--uu uuuu 
--uu uuuu 


PORTa 
06h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


PORTC 
D7h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


PORTO 
D8h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


PORTE 
09h 
---- 
-xxx 
---- 
-uuu 
---- 
-uuu 


PCLATH 
DAh 
---0 
0000 
---0 
0000 
---u uuuu 


INTCON 
DBh 
0000 
OOOx 
0000 
0000 
uuuu 
uuuu(l) 


PIR1 
OCh 
0--- 
0000 
0--- 
0000 
u--- 
uuuu(l) 


TMR1L 
DEh 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu uuuu 


TMR1H 
DFh 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


T1CON 
1Dh 
--00 
0000 
--uu 
uuuu 
--uu 
uuuu 


TMR2 
11h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


T2CON 
12h 
-000 
0000 
-000 
0000 
-uuu 
uuuu 


SSPBUF 
13h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


SSPCON 
14h 
0000 
0000 
0000 
0000 
uuuu 
uuuu 


CCPR1L 
l5h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


CCPR1H 
16h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


CCP1CON 
17h 
--00 
0000 
--00 
0000 
--uu 
uuuu 


INOF 
8Dh 
- 
- 
- 


OPTION 
81h 
1111 
1111 
1111 
1111 
uuuu 
uuuu 


PC 
82h 
OOOOh 
OOOOh 
PC 
+ 
1 


STATUS 
83h 
0001 
1xxx 
OOO? 
?uuu 
(3 ) 
uuu? 
?uuu 
(3) 


FSR 
84h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


TRISA 
85h 
--11 
1111 
--11 
1111 
--uu 
uuuu 


TRISB 
86h 
1111 
1111 
1111 
1111 
uuuu 
uuuu 


TRISC 
87h 
1111 
1111 
1111 
1111 
uuuu 
uuuu 


TRISD 
88h 
1111 
1111 
1111 
1111 
uuuu 
uuuu 


TRISE 
89h 
0000 
-111 
0000 
-111 
uuuu 
-uuu 


PCLATH 
8Ah 
---0 
0000 
---0 
0000 
---u 
uuuu 


INTCON 
8Bh 
0000 
OOOx 
0000 
0000 
uuuu 
uuuu(l) 


PIE1 
8Ch 
0--- 
0000 
0--- 
0000 
u--- 
UUllU 


PCON 
8Eh 
---- 
--0- 
---- 
--1- 
---- 
--1- 


PR2 
92h 
xxx>< 
xxx>< 
uuuu 
uuuu 
uuuu 
uuuu 


SSPAOO 
93h 
0000 
0000 
0000 
0000 
uuuu 
uuuu 


SSPSTAT 
94h 
--00 
0000 
--00 
0000 
--uu 
uuuu 


Legend: 


Notes: 


u 
= 
unchanged, 
x 
= 
unknown, 
- 
= 
unimplemented 
bit, reads as 'D', 
? = value depends on condition 


1. 
One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. 
When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 
vector (OOO4h). 


3. 
See Table 12-5 for reset value for specific condition. 
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MCLR 


INTERNALPOR 
------~~-------------------- 


__ 
i4 
_IPWRT_·I 
, 


!4-IOST-1 


j 
1-- 


-- 
1 


/ 


--Y 
r- 
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___ 
!" 
_IPWRT_"J 
, 


PWRT TIME-OUT 
14- IOST-1 


j 
1-- 
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-~y 
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,4- lOST ., 
, 
i 


-IN-T-ER-N-A-L-R-E-SET- 
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FIGURE 12-11: EXTERNAL POWER-ON RESET 
CIRCUIT (FOR SLOW Voo 
POWER-UP) 


Notes: 
1. 
External power-on 
reset circuit is required only if 
VDD power-up slope is too slow. The diode 0 helps 
discharge 
the capacitor quickly when VDD powers 
down. 


2. 
R < 40Kn 
is recommended 
to make sure that 
voltage drop across R does not exceed O.2V (max 
leakage current spec on MCLR pin is 5\1A). A larger 
voltage drop will degrade VIH level on MCLR pin. 


3. 
R1 = 100n to 1Kn will limit any current flowing into 
MCLR from external 
capacitor 
C in the event of 
MCLR pin breakdown due to ESD or EOS. 


FIGURE 12-12: BROWN-OUT PROTECTION 
CIRCUIT 1 


Voo 


33K 


Notes: 
1. 
This circuit 
will activate 
reset when 
VDD goes 
below Co!z + O.7V) where Vz = Zener voltage. 


FIGURE 12-13: BROWN-OUT PROTECTION 
CIRCUIT 2 


Notes: 
1. 
This brown circuit is less expensive, 
albeit less 
accurate. 
Transistor 
01 turns off when VDD is 
below a certain level such that: 


Voo. ---BL- 
= 0 7V 
R1 + R2 
. 
. 
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PIC16C64 


12.5 Interrupts 


The 
PIC16C64 
has eight 
sources 
of interrupt: 


• 
Extemal 
interrupt 
RBO/INT 


• 
RTCC 
timer/counter 
overflow 
interrupt 


• 
PortB 
change 
interrupts 
(pins 
RB<7:4» 


• 
Timer1 
overflow 
interrupt 


• 
Timer2 
interrupt 


• 
CCP1 
interrupt 


• 
Sync 
serial 
port interrupt 


• 
Microprocessor 
port read/write 
interrupt 


The interrupt 
control 
register 
(INTCON, 
addrOBh) 
records 


individual 
interrupt 
requests 
in flag 
bits. 
It also 
has 


individual 
and global 
interrupt 
enable 
bits. 


A global 
interrupt 
enable 
bit, GIE (INTCON<7» 
enables 


(if set) all un-masked 
interrupts 
or disables 
(if cleared) 
all 


interrupts. 
Individual 
interrupts 
can be disabled 
through 


their corresponding 
enable 
bits in INTCON 
register. 
GIE 


is cleared 
on reset. 


The 
RETFIE 
instruction 
allows 
user 
to 
retum 
from 


interrupt 
and enable 
interrupt 
at the same 
time. 


The 
INT pin interrupt, 
the RB port change 
interrupt 
and 


the RTCC 
overflow 
interrupt 
flags 
are contained 
in the 


INTCON 
register. 


The 
peripheral 
interrupt 
flags 
are contained 
in the spe- 
cial 
register 
PIR1 
(OCh). 
The corresponding 
interrupt 


enable 
bits 
are 
contained 
in 
special 
registers 
PIE1 


(8Ch). 


When 
an interrupt 
is responded 
to, the GIE is cleared 
to 
disable 
any further 
interrupt, 
the retum address 
is pushed 


into the stack 
and the PC is loaded 
with 0004h. 
Once 
in 


the interrupt 
service 
routine 
the source(s) 
of the interrupt 


can be determined 
by polling 
the interrupt 
flag bits. 
The 


interruptflag 
bit(s) must be cleared 
in software 
before 
re- 


enabling 
interrupts 
to avoid 
recursive 
interrupts. 


Note 1; .lndivl9tJal in!Brruptflag 9Jts are set r&Qard- 


less of the status of thelrc01Te~ 
mask bit or ttle GIE bit. 


Note 2: If an 
interrupt 
occurs 
whlIe 
the 
Global 
lntel'l'Upt 
Enable 
(GIE) bit is being cleared, 


the ~!E 
bitmayunfnt~llon!!,I/Y 
be:.re- 


~abled 
by the tJ$er's Irrterrupt service 


Routine 
(the 
RE'.l'F'IE 
instruction). 
The 


~OO~th&WOU~~this~~rare; 
1. Ani~etioocJeerstheGIE bitv4lile 


~n IrrtGffUptIS ackJt6wtedged. 


2. 
The program branches ~ the inter- 
rupt veetorand executes the Interrupt 
Service Routrne. 


3. 
1tIe In~~p~se~ 
Rof,lfinecom· 


pietesWittt 
theexecuiion(Jflhe R£TFIE 
Instruction. ThlscausestheGIEbit~ 
be set (ooables intemJpts), and the 
program rettpl 
~thelnstl'UClion 


after the on6*wbk:b 
was! meant ~ 


disable lnterrUp~. 


The method to oosure th& interrupts are 
g10balJyd~1ed 
il;;. 


1. 
EnsurethatlheGIEbitwasciearedby 
the instructlon, as shown Inthe foIIow- 
lngcode; 


IIXJP 
1'lCF 
:Dil'l'C<»I.GIS 
I oisabledlobal 
Inher.nl.;>t.9 
B'l'FOC :I:N'1'CON. GIE 
; Global Intenupts 
; 
O.l.Hbled? 
<lO'ro 
IIXJP 
1 NO, try again 
;-Yealconunue 
with progralll 
flow 


TMRllF 


TMRllE 


TMR21F 


TMR21E 


CCPllF 


CCPllE 


SPIF 


SPIE 


PSPIF 


PSPIE 
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12.5.1 
INT INTERRUPT 


External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6» 
is set, orialling, 


if INTEDG bit isclear. When avalid edge appears on INT 
pin, the INTF bit (INTCON<1 » is set. This interrupt can 
be disabled byclearing the INTE control bit(INTCON<4». 
INTF bit must be cleared in software in the interrupt 
service routine before re-enabling this interrupt. 
The 
INT interrupt can wake up the processor from SLEEP, if 
the INTE bit was set prior to going into SLEEP. 
The 
status of the GIE bit decides whether or not the proces- 
sor branches to the interrupt vector following wake-up. 
See Section 12.8 for details on SLEEP and Figure 12-16 
for timing of wake-up from SLEEP through INT interrupt. 


12.5.2 
TMRO INTERRUPT 


An overflow (FFh ~ DOh)in the TMRO will set the TOIF 
(INTCON<2» 
bit. 
The interrupt can be enabled/dis- 


abled by setting/clearing TOlE (INTCON<5» 
bit. 
For 
operation of the TMRO module, see Section 7.0. 


12.5.3 PORT RB INTERRUPT 


An input change on PORTB <7:4> will set the RBIF 
(INTCON<O» 
bit. 
The interrupt can be enabled/dis- 


abled by setting/clearing 
the RBIE (INTCON<4» 
bit. 


For operation of PORTB, see Section 5.2. 


GIEbn 


(INTCON <7» 


INSTRUCTION 
FLOW 


Instruction 
{ 
fetched 


Instruction { 


executed 


12.6 
Context Saving During Interrupts 


During an interrupt, only the return PC value is saved on 
the stack. Typically, users may wish to save key registers 
during an interrupt e.g. W register and status register. 
This will have to be implemented in software. 


EXAMPLE 12-1: SAVING W REGISTER AND 
STATUS IN RAM: 


push: 
movwf 
t€!llP_w 
;Saving 
Values 
swapf 
STA'IUS,W 
• 


movwf 
t€!llP_stat 


;Interrupt 
; Service 
Routine 
pop: 
swapf 
temp_stat,W 
;Restoring 
; 
Values 
movwf 
STA'IUS 
swapf 
ternp_w, 
F 
;00 not want to 


swapf 
temp_w, 
W 
affect 
the 


z-bit 


Notes: 
1. INTF flag is sampled 
here 
(every 
01) 
2. Interrupt 
latency 
= 3-4 Tcy where 
Tcy = instruction 
cycle time. 
Latency 
is the same 
whether 
Inst (PC) is a single 
cycle or a 2-cycle 
instruction. 


3. CLKOUT 
is available 
only 
in RC oscillator 
mode. 


4. For minimum 
width 
spec 
of INT pulse, 
refer to AC specs. 


5. INTF 
is enabled 
to be set anytime 
during 
the 04-01 
cycles. 
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12.7 Watchdog Timer (WDT) 


The watchdog timer is realized as a free running on-<:hip 
RC oscillator which does not require any extemal com- 
ponents. This RC oscillator is separate from the RC 
oscillatorofthe 
CLKIN pin. That meansthatthe WDTwill 


run, even if the clock on the OSC1 and OSC2 pins of the 
device has been stopped, for example, by execution of 
a SLEEP instruction. 
During normal operation, a WDT 


timeout generates a device RESET. If the device is in 
SLEEP mode, a WDT timeout causes the device to 
wake-up and continue with normal operation. The WDT 
can be permanently disabled by programming the con- 
figuration fuse WDTE as a '0' (Section 12.1). 


From TMRO Clock Source 
(see Figure 7-6) 


Note: RTE, RTS, PSA, PSo-PS2 
are bits in the OPTION register 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, Voo and process variations from part to part (see 
DC specs). 
If longer time-out periods are desired, a 


prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 


The CLRWDT and SLEEP 
instructions clear the WDT and 


the prescaler, if assigned to the WDT, and prevent it from 
timing out and generating a device RESET condition. 


The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 


12.7.2 WDT PROGRAMMING CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
time-out occurs. 


ToTMRO 
(see Rgure 7-6) 


Address 
Name 
Bil7 
Bil6 
Bil5 
Bit4 
Bit 3 
BI12 
Bit 1 
BilO 


2007 
Config. Fuses 
- 
- 
CPt 
CPO 
PWRTE 
WDTE 
FOSCl 
fOSC() 


81 
OPTION 
RBPU 
INTEDG 
RTS 
RTE 
PSA 
PS2 
PS1 
PSO 
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12.8 
Power-Down Mode (SLEEP) 


The Power-Down mode isentered by executing a SLEEP 
instruction. 


If enabled, the.YYatchdogTimer will be cleared but keeps 
runl1ing, the PO bit in the STATUS register is cleared, 
the TO bit is set, and the oscillator driver is turned off. 
The I/O ports maintain the status they had, before the 
SLEEP command was executed (driving high,low, or hi- 
impedance). 


For lowest curent consumption in this mode, all I/O pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the I/O pin. 
I/O pins that are hi- 
impedence inputs should be pulled high or low externally 
to avoid switching currents caused by floating inputs. 
The RTCC input should also be at voo or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PortB should be considered. 


The MCLR pin must be at a logic high level (VIHMC). 


It should be noted that a..BESET generated by a WDT 
time-out does not drive MCLR pin low. 


14.8.1 WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of the 
following events: 


1. External reset input on MCLR pin 
2. Watchdog timer time-out reset (if WDT was enabled) 
3. Interrupt from INT pin, RB port change, TMRO over- 


flow, or some Peripheral Interrupts. 


The following peripheral interrupts can wake-up from 
SLEEP: 


1. TMR1 interrupt. 
Timer1 must be operating as an 


asynchronous counter. 


2. SSP Start/Stop bit detect interrupt. 


3. CCP capture mode interrupt. 
4. Slave port read or write. 


Other peripherals 
can not generate 
interrupts 
since 


during SLEEP, no on-<:hipQ clocks are present. 


The first event will cause a device reset. The two latter 
events are..considered a continuation of program execu- 
tion. The TO and PO bits in the STATUS register.can 
be used to determine the cause of device reset. PO bit, 
which is.set on power-up is cleared when SLEEP is 
invoked. TO bit iscleared if WDTtime-out occurred (and 
caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. 
For the device to 


wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). 
Wake-up is 


regardless olthe state olthe GIE bit. lithe GIE bit is clear 
(disabled), the device continues execution althe instruc- 
tion after the SLEEP 
instruction. 
If the GIE bit is set 


(enabled), the device executes the instruction after the 
SLEEP 
instruction and the branches to the interrupt 


address (OOO4h). In cases where the execution of the 
instruction following SLEEP 
is not desirable, the user 


should have a NOP after the SLEEP instruction. 


Note: 
If th6··gIobafinteRUpts 
are dISabled (GIE 1$ 


cleared). 
bUt anyintertUptsource 
has both 


its intemJpt enable bit and the correspond- 
Ing interrupt flag bits set. the dtWIce wiIf 
lmrnf,idiate!y 
•• 
frOmW$leep. 


The WOT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 


INTpi'l 


INTFftag 
(INTCON <1» 


InstNction{ 
fetched 
Inat(PC) • SLEEP 


InstNdlon{ 
InIt(PC-1) 
executed 


Noles: 
1. XT, HS orLPoscillalormode 
assumed 


2. tost '"' 1024 tose (drawing not to ~l. 
1lVs delay will not be there tot RC OSCmode. 


3. GIE •• 1 as&L.m&d. 
In this case after wake 
up proatAOl'" 
jLn1)S 10 in18lTl.JQtrouti\e. 


tf GtE. 
0, 8Xeculon 
MI conIInue In line. 


4. CLKOUT is not available in these osc modes. but shown here lor timing reference. 
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12.9 
Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuses (CP<l :0». 


When code protected, the contents 
of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 


In code-protected mode, the configuration word (2oo?h) 
will not be scrambled, allowing reading of all fuses. 


12.9.1 CODE PROTECTION FUSES: 


The PICl6117 microcontroller code protection scheme 
has been enhanced. 
These enhancements allow the 
user to selectively code protect portions of the program 
memory. 
The two code protect fuses (CP<1:0» 
allow 
the selection of the following code protection mappings: 


11 
Program memory not code protected 
01 
Upper 314of program memory code protected 
(2ooh -?FF) 
10 
Upper 1/2 of program memory code protected 
(4ooh - ?FF) 
00 
Entire program memory code protected 


Any word of a protected memory section will read out a 
scrambled version as shown in Figure 12-17: 


FIGURE 12·19: 
PROTECTED MEMORY 
READ FORMAT 


13 


10000 


where 
bO 


760 


o 0 0 
I b6 b5 b4 b3 b2 b1 bO I 


XNOR of bitO and bit7 of the 
program memory location. 


XNOR of bill 
and bit8 of the 
programmemory 
location. 


The configuration word is not code protected, and there- 
fore no scrambling is done. Unprotected segments read 
normally. 
Once the program memory location(s) have 
been code protected, those memory locations can not 
be further programmed. 


12.9.2 VERIFYING A CODE-PROTECTED 
PART 


When code protected, verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOxxxxxxx'(binary) where X is 1 or O. To verify 
a device after code protection, follow this procedure: 


1. First, program and verify a good device without code 
protecting it. 
2. 
Next, blow its code protection fuse and then load its 
contents in a file. 
3. Verify any code-protected 
PIC16C64 against this 
file. 


12.10 
In-Circuit Serial Programming 


The PIC16CXX 
microcontrollers 
can be serially pro- 
grammed while in the end application circuit. 
This is 
simply done with two lines for clock and date and three 
other lines for power, ground and programming voltage. 
This allows customers to manufacture boards with un- 
programmed 
devices, 
and 
then 
program 
the 
microcontroller just before shipping the product. 
This 
allows the most recent firmware or a custom firmware to 
be programmed. 


The device is placed into a programiverify 
mode by 
bolding the RS6 and RS? pins low while raising the 
MClR 
(Vpp) pin from Vii to Vihh. 
ROO becomes the 
programming clock and RS? becomes the programming 
data. 
Both RS6 and RS? are schmidt trigger inputs in 
this mode. 


After reset, to place the device into programmingiverify 
mode, the program counter (PC) is at location DOh. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com· 
mand was a load or a read. For complete details of serial 
programming, 
please refer to the PIC16C6X17X Pro- 
gramming Specifications (Literature #DS30153). 


A typical in-system serial programming connection 
is 
shown in Figure 12-18. 


TYPICAL IN-SYSTEM 
SERIAL PROGRAMMING 
CONNECTION 


External 
n 
,ons 


Connector 
I 


PICl6CXX 
Signals 


+sv 
voo 


ov 
vss 


VPP 
MCLRNpp 


CLK 
RS6 


Data 
110 
RS7 


lPrr®~~m~lfi)~rr~ 


2-290 


Each PIC16CXX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 13-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 13-1 shows the 
opcode field descriptions. 


For byte-oriented instructions, 'f' represents a file regis- 
ter designator and 'd' represents a destination designa- 
tor. The file register designator 
specifies 
which file 


register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 'b' 
represents a bit field 


designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an 8- or 
11-bit constant or literal value. 


TABLE 13-1: OPCODE FIELD 
DESCRIPTIONS 


Field 
Description 


f 
Register file address (OxOOto OX7F) 


w 
Working register (accumulator) 


b 
Bit address within an 8 bit file register 


k 
Literal field, constant data or label 


x 
Don't care location (= 0 or 1) 
The assembler will generate code with x = 
O. It is the recommended form of use for 
comoatibilitv with all software tools. 


d 
Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d - 1 


label 
Label name 


TOS 
Top of Stack 


PC 
Program Counter 


PCLATH 
Prooram Counter High Latch 


GIE 
Global Interrupt Enable Bit 


WDT 
Watchdog Timer Counter 


TO 
Time-out Bit 


PD 
Power-down Bit 


dest 
Destination either the W register or the 
specified register file location 


[ 
1 
Options 


( 
) 
Contents 


-+ 
Assigned to 


< > 
Register bit field 


E 
In the set of 


italics 
User defined term 


The instruction set is highly orthogonal and is grouped 
into three basic categories: 


• 
Byte oriented operations 
• 
Bit oriented operations 
• 
Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test istrue or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 Ilsec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 Ilsec. 


Table13-2 liststhe instructions recognized bythe MPASM 
assembler. 


Figure 13-1 shows the three general formats that the 
instructions can have. 


Note: 
To maintainupward compatibilly with fu· 
ture PIC16CXX pr~ 
do OQtuse tl'lQ 
OPTION anchTRIS lnl&tJtlctiOrlS, 


All examples use the following format to represent a 
hexidecimal number: 


Oxhh 
where h signifies a hexidecimal digit. 


FIGURE 13·1: GENERAL FORMAT FOR 


INSTRUCTIONS 


Byte-oriented file register operations 
13 
B 
7 
6 
0 
I 
OPCODE 
I d I 
I(FILE #) 


d = 0 lor destination 
W 
d = 1 lor destination 
I 
1= 7·bit IiIe register address 


Bit-oriented file register operations 


13 
10 
9 
7 
6 
0 


OPCODE 
I 
b(BIT #) I 
I(FILE #) 
I 
b = 3-b~ bit address 
1= 7-bit IiIe register address 


Literal and control operations 


13 
B 
7 
0 
I 
OPCODE 
I 
k (LITERAL) 


k = B-b~ immediate value. 
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PIC16C64 


Mnemonic, 
Descripllon 
Cycles 
14-Bit Opcode 
Status 
Notes 
Operands 
msb 
Isb 
Affected 


BYTE·ORIENTED FILE REGISTER 
OPERATIONS 


ADDWF 
I, d 
Add Wand 
f 
1 
00 
0111 
dfff 
ffff 
C,DC,Z 
1,2 


ANDWF 
I, d 
AND Wand 
f 
1 
00 
0101 
dfff 
ffff 
Z 
1,2 


CLRF 
I 
Clearf 
1 
00 
0001 
lfff 
ffff 
Z 
2 


CLRW 
. 
ClearW 
1 
00 
0001 
Oxxx XXX}{ 
Z 


COMF 
I, d 
Complement 
f 
1 
00 
1001 
dfff 
ffff 
Z 
1,2 


DECF 
I, d 
Decrement f 
1 
00 
0011 
dfff 
ffff 
Z 
1,2 


DECFSZ 
I, d 
Decrement f, Skip if 0 
1 (2) 
00 
1011 
dfff 
ffff 
1,2,3 


INCF 
f, 
d 
Increment I 
1 
00 
1010 
dfff 
ffff 
Z 
1,2 


INCFSZ 
I, d 
Increment 
f, Skip if 0 
1 (2) 
00 
1111 
dfff 
ffff 
1,2,3 


10RWF 
I, d 
Inclusive OR Wand 
f 
1 
00 
0100 
dfff 
ffff 
Z 
1,2 


MOVF 
I, d 
Movef 
1 
00 
1000 
dfff 
ffff 
Z 
1,2 


MOVWF 
I 
MoveWtof 
1 
00 
0000 
lfff 
ffff 
NOP 
- 
No Operation 
1 
00 
0000 
OxxO 0000 
RLF 
I, d 
Rotate left f through 
carry 
1 
00 
1101 
dfff 
ffff 
C 
1,2 


RRF 
I, d 
Rotate right f through 
carry 
1 
00 
1100 
dfff 
ffff 
C 
1,2 


SUBWF 
I, d 
Subtract W from f 
1 
00 
0010 
dfff 
ffff 
C, DC,Z 
1,2 


SWAPF 
I, d 
Swap halves f 
1 
00 
1110 
dfff 
ffff 
1,2 


XORWF 
I, d 
Exclusive OR Wand 
f 
1 
00 
0110 
dfff 
ffff 
Z 
1,2 


BIT-ORIENTED FILE REGISTER 
OPERATIONS 


BCF 
I, b 
Bit Clear f 
1 
01 
OObb bfff 
ffff 
1,2 


BSF 
I, b 
Bit Set I 
1 
01 
01bb 
bfff 
ffff 
1,2 


BTFSC 
I, b 
Bit Test f, Skip if Clear 
1 (2) 
01 
10bb 
bfff 
ffff 
3 


BTFSS 
I, b 
Bit Test f, Skip if Set 
1 (2) 
01 
11bb 
bfff 
ffff 
3 


LITERAL AND CONTROL OPERATIONS 


ADDLW 
k 
Add literal to W 
1 
11 
111x 
kkkk 
kkkk 
C, DC,Z 
ANDLW 
k 
AND literal to W 
1 
11 
1001 
kkkk 
kkkk 
Z 
CALL 
k 
Call subroutine 
2 
10 
Okkk 
kkkk 
kkkk 
-- 


CLRWDT 
- 
Clear watchdog 
timer 
1 
00 
0000 
0110 
0100 
TO, PO 
GOTO 
k 
Go to address 
2 
10 
1kkk 
kkkk 
kkkk 
10RLW 
k 
Inclusive OR literal to W 
1 
11 
1000 
kkkk 
kkkk 
Z 
MOVLW 
k 
Move literal to W 
1 
11 
OOxx 
kkkk 
kkkk 
RETFIE 
- 
Return from interrupt 
2 
00 
0000 
0000 
1001 
RETLW 
k 
Return with literal in W 
2 
11 
01xx 
kkkk 
kkkk 
RETURN 
- 
Return from subroutine 
2 
00 
0000 
0000 
1000 
-- 
SLEEP 
- 
Go into standby mode 
1 
00 
0000 
0110 
0011 
TO, PD 
SUBLW 
k 
Subtract W from literal 
1 
11 
110x 
kkkk 
kkkk 
C,DC,Z 
XORLW 
k 
Exc!. OR literal to W 
1 
11 
1010 
kkkk 
kkkk 
Z 


Notes: 1. When an 1/0 register is modified as a function of itself ( e.g. MOVF PORTS, 1) the value used will be that value present on 


the pins themselves. 
For example, if the data latch is"l" 
for a pin configured as input and is driven low by an external device, 


the data will be written back with a 'a'. 


2. If this instruction is executed on the TMRO register (and, where applicable, d=l), 
the prescaler will be cleared if assigned to 
theTMRO. 


3. If Program Counter (PC) is modified or a conditional 
test is true, the instruction 
requires two cycles. 
The second cycle is 


executed as a Nap. 
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ADDLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


ADDWF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Add Literal to W 


[label] 
ADDLW 
k 


OSk$255 


(IN)+k-+W 


C,DC,Z 


~ 
The contents of the W register are 
added to the a-bit literal ok" and the 
result is placed in the W register. 


ADDLW 
Ox15 


Before Instruction 
W = 
Oxl0 


After Instruction 
W = 
0x25 


ADDWtof 


[label] 
ADDWF 
f,d 


O$f$ 
127 
de [0,1] 


(IN) + (f) --+ (dest) 


C,DC,Z 


~ 
Add the contents of the W register to 
register T. 
If"d" 
is 0 the result is 
stored in the W register. If "dOis 1the 
result is stored back in register T. 


ADDWF 
FSR, 
0 


Before Instruction 
W 
= 
Ox17 
FSR 
= 
OxC2 


After Instruction 
W 
OxD9 
FSR = 
OxC2 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


AND Literal and W 


[label] 
ANDLW 
k 


oskS255 


(W) .AND. (k) --+ W 


Z 


~ 
The contents ofW register areAND'ed 
with the a-bit literal ok". The result is 
placed in the W register. 


ANDLW 
Ox5F 


Before Instruction 
W = 
OxA3 


After Instruction 
W = 
Ox03 


AND Wwith f 


[label] 
ANDWF 
f,d 


0$f$127 
de [0,1] 


(IN) .AND. (f) --+ dest 


Z 


~ 
AND the W register with register T. If 
"dOis 0 the result is stored in the W 
register. If"d" is 1 the result is stored 
back in register T. 


ANDWF 
FSR, 
1 


Before Instruction 
W 
= 
Ox17 
FSR = 
OxC2 


After Instruction 
W 
Ox17 
FSR = 
Ox02 
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BCF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Bit Clear f 


[label] 
BCF 
f,b 


0::;f::;127 


0::; b::; 7 
o ~f<b> 


None 


~ 
Bit "b" in register "f" is reset to O. 


1 


1 


BCF 
FLAG_REG, 
7 


Before Instruction 
FLAG_REG = 
OxC7 


After Instruction 
FLAG_REG = 


BSF 
Bit Setf 


Syntax: 
[label] 
BSF 
f,b 


Operands: 
O::;f::; 127 
0::; b::; 7 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


1 ~f<b> 


None 


~ 
Bit "b" in register "f" is set to 1. 


BSF 
FLAG_REG, 
7 


Before Instruction 
FLAG_REG = 
OxOA 


After Instruction 
FLAG_REG = 


BTFSC 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


BTFSS 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Bit Test. skip if Clear 


[label] 
BTFSC 
f,b 


O::;f::; 127 
0::;b::;7 


skip if (f<b» = 0 


None 


~ 
If bit 'b' in register 'f' is '0' then the next 
instruction is skipped. 


If bit 'b' is '0', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


HERE 
BTFSC 
FALSE 
GOTO 


TRUE 


FLAG,l 
PROCESS_CODE 


Before Instruction 
PC = address 
HERE 


After Instruction 


if FLAG<1> = 0, PC = address 
TRUE 


if FLAG<1> = 1, PC = address 
FALSE 


Bit Test. skip if set 


[label] 
BTFSS 
f,b 


O::;f::; 127 
0::;b::;7 


skip if (f<b» = 1 


None 


~ 
If bit "b" in register"f" 
is "1" then the 


next instruction is skipped. 


If bit '"b' is '0', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


HERE 


FALSE 
TRUE 


FLAG,l 


PROCESS_CODE 


BTFSC 


GOTO 


Before Instruction 
PC = address 
HERE 


After Instruction 


if FLAG<1> = 0, PC = address 
FALSE 


if FLAG<1> = 1,PC = address 
TRUE 
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CALL 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


CLRF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subroutine Call 


[label] 
CALL 
k 


0:!>k:!>2048 


(PC) + 1 ~ TOS, 
k ~ PC<10:0>, 
(PCLATH<4:3» 
~ PC<12:11>; 


None 


~ 
Subroutine call. First, return address 
(PC + 1)is pushed onto the stack. The 
eleven 
bit immediate 
address 
is 


loaded into PC bits <10:0>. The up- 
per bits of the PC are loaded from 
PCLATH (f03). CALL is a two-eycle 
instruction. 


HERE 
CALL 
THERE 


Before Instruction 
PC 
= 
Address HERE 


After Instruction 
PC 
= 
Address THERE 
TOS = 
Address HERE 


[label] 
CLRF 


O:!>f:!>127 


OOh~f 
1~Z 


Z 


~ 
The contents of registerT are cleared 
and the Z bit is set. 


CLRF 
FLAG_REG 


Before Instruction 
FLAG_REG = 
Ox5A 


After Instruction 
FLAG_REG = 
OxOO 
Z=1 


CLRW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


CLRWDT 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Clear W Register 


[label] 
CLRW 


None 


OOh~(W) 
1 ~Z 


Z 


~ 
W registered is cleared. 
Zero bit (Z) 


is set. 


CLRW 


Before Instruction 
W 
= 
Ox5A 


After Instruction 
W 
OxOO 
Z 
= 
1 


[label] 
CLRWDT 


None 


OOh~WDT, 
o ~ WDT prescaler, 


1 ~TO 


1 ~PO 


TO, PO 


~ 
CLRWDT instruction resets the watch- 
dog timer. Italso resets the prescaler 


of the WDT. Status bits TO and PO 
are set. 


CLRWDT 
Before Instruction 
WDT counter = ? 
After Instruction 
WDT counter = OxOO 
WDT prescale = 0 


TO =0 
PO =0 
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PIC16C64 


COMF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


PECF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Complement f 


[label] 
COMF 
f,d 


0~f~127 
dE [0,1] 


(f) --t (dest) 


Z 


~ 
The contents of register"f' arecomple- 
mented. If"d" is 0 the result is stored 
inW. If"d" is 1the result is stored back 
in register "f'. 


COMF 
REG1, 
0 


Before Instruction 
REGl = Ox13 


After Instruction 
REGl = Ox13 
W 
= OxEC 


Decrement 
f 


[label] 
DECF 
f,d 


O~f~ 
127 
dE [0,1] 


(f)-l 
--t (dest) 


Z 


~ 
Decrement register "f'. 
If "dOis 0 the 
result is stored inthe W register. If"d" 
is 1the result is stored back in register 
"f'. 


1 


1 


DECF 
CNT, 
1 


Before Instruction 
CNT = 
OxOl 
Z 
= 
0 


After Instruction 
CNT = 
OxOO 
Z 
= 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


GOTO 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Decrement f, skip if 0 


[label] 
DECFSZ 
f,d 


0~f~127 
dE [0,1] 


(f) - 1 --t d; skip if result = 0 


None 


~ 
The contents of register "f' are decre- 
mented. If "dOis 0 the result is placed 
in the W register. If "dOis 1 the result 
is placed back in register "f'. 


If the result is 0, the next instruction, 
which is already fetched, isdiscarded. 
A NOP is executed instead making it 
a two -ycle instruction. 


1 


1 (2) 


HERE 
DECFSZ 


GOTO 


CONTINUE 
• 


CNT, 
1 
LOOP 


Before Instruction 


PC = address 
HERE 


After Instruction 
CNT=CNT-1 


if CNT = 0, PC = address 
CONTINUE 


~ CNT ~ 0, PC = address 
HERE 
+ 
1 


Unconditional Branch 


[label] 
GOTO 
k 


0~k~2048 


k --t PC<10:0>, 
(PCLATH<4:3» 
--t PC<12:11> 


None 


~ 
GOTO is an unconditional 
branch. 


The eleven bit immediate value is 
loaded into PC bits <10:0>. The up- 
per 
bits 
of 
PC are 
loaded 
from 


PCLATH <4:3>. 
GOTO is a two- 


cycle instruction. 


1 


2 


GOTOTHERE 


After Instruction 
PC = Address of THERE 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


INCFSZ 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Increment 
f 


[label] 
INCF 
I,d 


0$1 $ 127 
dE [0,1] 


(f) + 1 ~ (dest) 


Z 


~ 
The contents 01register "f' are incre- 
mented. 
11"<1" is 0 the result is placed 
in the W register. 
11"<1" is 1 the result 


is placed back in register "f'. 


INCF 
CNT, 
1 


Belore Instruction 
CNT = 
OxFF 
Z 
= 
0 


After Instruction 
CNT = 
OxOO 
Z 
= 
1 


Increment 
f, skip if 0 


[label] 
INCFSZ 
I,d 


0$1$127 
dE [0,1] 


(f) + 1 ~ (dest), skip if result = 0 


None 


~ 
1111 I 
dfff 
I 
ffff 
I 


The contents 01register "f' are incre- 
mented. II "d" is 0 the result is placed 
in the W register. II "d" is 1 the result 
is placed back in register "f'. 


II the result is 0, the next instruction, 
which isalreadyletched, isdiscarded. 
A NOP is executed instead making it 
a two cycle instruction. 


HERE 
INCFSZ 


GOTO 
CONTINUE 
• 


CNT, 
1 


LOOP 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Inclusive 
OR Literal 
with W 


[label] 
IORLW 
k 


0$k$255 


(W) .OR. (k) ~ (W) 


Z 


~ 
The contents 01 the W register are 
OR'ed with the eight bit literal "k". The 
result is placed in the W register. 


IORLW 
Ox35 


Belore Instruction 
W = Ox9A 


After Instruction 
W = OxBF 


Inclusive 
OR W with f 


[label] 
IORWF 
I,d 


0$1$127 
dE [0,1] 


(W) .OR. (I) ~ (dest) 


Z 


~ 
Inclusive OR the W register with reg- 
ister "f'. If "d" is 0 the result is stored 
in the W register. If "<1"is 1 the result 
is stored back in register "f'. 


IORWF 
RESULT, 
0 


Belore Instruction 
RESULT = 
Ox13 
W 
= 
Ox91 


After Instruction 
RESULT = 
Ox13 
W 
= 
Ox93 


Belore Instruction 
PC = address 
HERE 


After Instruction 
CNT=CNT 
+ 1 


if CNT = 0, PC = address 
CONTINUE 


if CNT 0# 0, PC = address 
HERE + 1 
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MOVLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


MOVF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Move Literal to W 


[label) 
MOVLW 
k 


Osks255 


k~(W) 


None 


~ 
The 8-bit literal ok" is loaded into W 
register. 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


NOP 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


MoveWtof 


[label) 
MOVWF 


Os f s 127 


(W) ~ (f) 


None 


~ 
Move data from W register to register 
T. 


After Instruction 
W = 
Ox5A 


Movef 


[label) 
MOVF 
f,d 


Osfs 
127 
dE [0,1) 


(f) ~ (dest) 


Z 


~ 
The contents of register f is moved to 
destination d. If d=O,destination is W 
register. If d = 1,the destination is file 
register f itself. d = 1 is useful to test 
a file register since status flag Z is 
affected. 


MOVF 
FSR, 
0 


After Instruction 
W = 
value in FSR register 


Before Instruction 
OPTION 
= OxFF 


W 
Ox4F 


After Instruction 
OPTION 
Ox4F 


W 
Ox4F 


No Ooeration 


[label] 
NOP 


None 


No operation 


None 


~ 
No operation 


1 


1 
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omeN 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding; 


DescDption: 


WOIO$: 
CycIe$: 


Exampktf 


RETFIE 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Load Qption Register 


[label} 
OPTION 


None 
W -tOPTJON; 


None 


~ 
The contents o,1ile, W regi~r 
ill 
loaded Inthe OPTION register. This 
Inslructlonissuppo~fo(;codeCl)rn- 
patibllitY 
witl'FPIC1GPS)( 
p(Od~ 
SinceOPTION 
Isa readabtelwritable 
register, U1eusercandirectlyadcfress 
It. 
. 


To maintain upward; oompatlbll", 
wRh future 
PlC16CXX 
products, 
do 
not ~ 
this Inatr'uetlon. 


Return from Interrupt 


[label) 
RETFIE 


None 


TOS-t 
PC, 


1 -t 
GIE; 


None 


~ 
Return 
from 
Interrupt. 
Stack 
is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en- 
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN- 
TCON<7». 
This is a two-eycle 
instruction. 


RETFIE 


After Interrupt 
PC = TOS 
GIE = 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Return Literal to W 


[label] 
RETLW 
k 


OskS255 


k -t W; TOS -t 
PC; 


None 


~ 
The 
W register is loaded with the 
eight 
bit literal "k". 
The 
program 
counter is loaded from the top of the 
stack (the return address). This is a 
two-eycle instruction. 


1 


2 


Words: 


Cycles: 


Example: 


CALL 
TABLE 
Wcontains 
table 
offset 
value 
W now has 
table 
value 


TABLE ADDWFPC 
RETLWkl 
RETLWk2 


RETURN 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Before Instruction 
W 
= Ox07 


After Instruction 
W = value of k7 


Return from Subroutine 


[label] 
RETURN 


None 


TOS -t PC; 


None 


~ 
Return from subroutine. The stack is 
popped and the top ofthe stack (TOS) 
is loaded into the program counter. 
This is a two-eycle instruction. 


RETURN 


After Interrupt 
PC 
= TOS 
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Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


RRF 


Syntax: 


Operands: 


Rotate Left f through Carry 


[label] 
RLF 
f,d 


05 f5127 
dE [0,1] 


kn> 
~ d<n+l>, 
k7> 
~ C, C ~ 
d<O>; 


C 


~ 
The contents of register T are rotated 
l-bit to the left through the Carry Flag. 
If "d" is 0 the result is placed in the W 
register. If"d" is 1 the result is stored 
back in register T. 
c0=i 
register f b 


Before Instruction 
REG1 = 
11100110 
C 
= 
0 


After Instruction 
REG1 
11100110 
W 
= 
11001100 
C 
= 
1 


Rotate Right f through Carry 


[label] 
RRF 
f,d 


05f$ 
127 
dE [0,1] 


kn> 
~ d<n-1>, 


kO> ~C, 
C~d<7>; 


Status Affected: 
C 


~ 
The contents of register T are rotated 
one bit to the right through the Carry 
Flag. If "d" is 0 the result is placed in 
the W register. If"d" is 1 the result is 
placed back in register T. 
r@ 
register f b 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 
RRF 
REGl,O 


Before Instruction 
REG1 = 
11100110 
C 
= 
0 


After Instruction 
REG1 
11100110 
W 
01110011 
C 
= 1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


SUBLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example 1: 


[label] 
SLEEP 


None 


ooh~WDT, 
o ~ WDT prescaler 
1 ~TO, 
O~PD 


TO,PD 


~ 
The Power Down status bit (PO) is 
cleared. Time-out status bit (TO) is 
set. Watchdog 
Timer and its pres- 


caler are cleared. 


The processor is put into SLEEP mode 
with the oscillator stopped. See sec- 
tion on SLEEP mode for more details. 


Subtract W from Literal 


[label] 
SUBLW k 


05k5255 


k-(W) 
~(W) 


C,DC,Z 


~ 
The W register 
is subtracted 
(2's 


complement method) from the 8-bit 
literal "k". The result is placed inthe W 
register. 


SUBLW 
OX02 


Before Instruction 
W 
1 
C 
? 


After Instruction 
W 
1 
C 
1: 
result is positive 


Before Instruction 


W 
3 
C 
? 


After Instruction 
W 
FF 
CO; 
result is negative 
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SUBWF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example 1: 


SWAPF 


Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subtract W from f 


[label) 
SUBWF 
f.d 


O~f~ 
127 
dE [0,1) 


(f)-(W) ~ 
(dest) 


C,DC.Z 


~ 
Subtract 
(2's complement 
method) 
the W register from register T. If"er 
is 0 the result is stored in the W 
register. If"er is 1 the result is stored 
back in register T. 


SUBWF 
REG!.! 
Before Instruction 
REGl 
= 0 
W= 1 
C=? 
After Instruction 
REGl = FF 
W=l 
C = 0 
; result is negative 
Before Instruction 
REG1 = FF 
W=O 
C=? 
After Instruction 
REG1 = FF 
W=O 
C = 1 
; result is positive 


Swap f 


[label) 
SWAPF 
f,d 
o ~f ~ 127 
dE [0,1) 


1<0:3> 
~ 
d<4:7>, 


1<4:7> 
~ 
d<0:3>; 


None 


~ 
The upper and lower nibbles of regis- 
ter T are exchanged. 
If "d" is 0 the 
result is placed in W register. If"er is 
1 the result is placed in register T. 


SWAPF 
REG, 
0 


Before Instruction 
REG = OxA5 


After Instruction 
REG = OxA5 
W 
= Ox5A 


IRIS 


Syntax; 


Qperal'lds: 


OperatIOn: 


Slatus Affected: 


Encoding: 
DescrIption: 


~: 
Cycles: 


Example: 


XORLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


PIC16C64 


Load IRIS RegIster 
r Isbell 
TRIS 
f 


5 ~fS;7 


W 4 TAlS reglsterf; 


None 
I 
00 I {)OOO t 01101 Off! I 


This iflStrticllonis stJpported for (:od& 
compatibilitywith1hePIC16C5Xprod- 
ucts. 
SiJ)ceTRIS registers are 
~1e 
al'ld WI1taOfe. tM uset. can 
directly address them. 


To maintain upward compatibfllty 
PIC16CXX Pfoducts, 
do 
Insiructlcm. 


Exclusive OR literal with W 


[label) 
XORLW 
k 


0~k~255 


(W) .XOR. k ~ 
(W) 


Z 


~ 
The contents of the W register are 
XOR'ed with the a-bit literal "I<". The 
result is placed in the W register. 


1 


1 


XORLW 
OxAF 


Before Instruction 
W 
= OxB5 


After Instruction 
W 
= Ox1A 
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XORWF 


Syntax: 


Operands: 


Operation: 


Status Affected 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Exclusive 
OR W with f 


[label] 
XORWF 
f,d 


O~f~ 
128 
dE 
[0,1] 


0/'1) .XOR. (f) ~ (dest) 


Z 


~ 
Exclusive OR the contents of the W 
register with register T. 
If"cr is 0 the 
result is stored inthe W register. If"cr 
is 1the result is stored back in register 
T. 


1 


1 


XORWF 
REG, 
1 


Before Instruction 
REG 
= 
OxAF 
W 
= 
OxBS 


After Instruction 
REG 
Ox1A 
W 
= OxBS 
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14.1 
Development Tools 


The PIC16C5X and PIC16CXX 
microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


• 
PICMASTERTM Real-Time In-Circuit Emulator 
• 
PRO MATETMUniversal Programmer 
• 
PICSTARTTM Low-Cost Prototype Programmer 
• 
Assembler 


• 
Software Simulator 


14.2 PICMASTERTM:High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the prodUct development 
engineer 
with a complete microcontroller 
design tool set for all 
microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all new 
PIC16C5X, 


PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 
machines ranging from 80286-A ~ 
class 
ISA-bus systems through the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft WindowS- 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER 
has been designed as a real-time 
emulation 
system with advanced 
features 
generally 


found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


Common 
Interlace 
Card 
PC Compatible 
Computer 
(AT/ISA Bus) (for Industry Standard Architecture) 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


Host-Interface Card 


Emulator Control Pod 
• 
Target-Specific Emulator Probe 
PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system . 


PICMASTER 
emulation can operate in one window, 


while a text editor is running in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. 
DOE allows data to be dynamically 
trans- 
ferred between two or more Windows programs. 
With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 
development of multi-microcontroller 
systems possible 
(e.g., a system containing a PIC16Cxx processor and a 
PIC17Cxx processor). 


14.3 
PRO MATETM:Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Voo and VPP sup- 
plies which allows it to verify programmed memory 
at 


Voo min and Voo max for maximum reliability. 
It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand-alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory 
holds data and parametric 
information 
even 
when powered down. 
It is ideal for low to moderate 
volume production. 


1P1l'®~~m~~~Il'3f 


2-303 


• 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of voo min, Voo max and Vpp levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. 
Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular "programming socket 
module". 
Different socket modules are required for 
different 
processor 
types 
and/or 
package 
types. 
PRO MATE supports all PIC16C5X, 
PIC16CXX and 
PIC17CXX processors. 


14.4 
PICSTARTTMprogrammer 


The PICSTARfTM programmer is an easy to use, very 
low-{;ost prototype programmer. 
It connects to the PC 
via one of the COM (RS232) ports. 
A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface isfull-screen and menu- 
based. 


14.5 Assembler (MPASMl 


Cross Assembler is a PC hosted symbolic assembler. It 
supports 
all 
microcontroller 
series 
including 
the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (defaUlt), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 
assembled code. 


• 
Macro Directives 
control the execution and data 
allocation within macro body definitions. 


14.6 
Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers 
on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
extemal stimulus to any of the pins. 
The inputloutpu1 
radix can be set by the user and the execu1ion can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


14.7 
Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 14-1: 


TABLE 14-1: DEVELOPMENTSYSTEM 
PACKAGES 


Item 
Name 
SystemDescription 


1. 
PICMASTERTM PICMASTERIn-Circuit Emulator 
System 
with your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTARTTM 
PICSTARTTM 
Low-CostPrototype 
System 
Programmer,Assembler,Software 
Simulatorand Samples 


14.8 
Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE -16E 
PIC16C64 
10 MHZ I 4.5V - 5.5V 
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Absolute 
Maximum 
Ratings 
t 


Ambient temperature under bias 
-55 to+ 125"C 


Storage Temperature 
- 65"C to +150'C 


Voltage on any pin with respect to Vss (except voo and MCLR ) 
-O.6V to Voo +0.6V 
Voltage on Voo with respect toVss 
0 to +7.5 V 


Voltage on MCLR with respect to Vss (Note 2) 
0 to +14 V 
Total power Dissipation (Note 1) 
1.0 W 
Maximum Current out of Vss pin 
300mA 
Maximum Current into Voo pin •......................................................................................................................... 
250mA 
Input clamp current, 11K (VI<Oor VI> Voo) ............................•..........................•.................................................. 
±20mA 
Output clamp current, 10K (VO<0 or VO>Voo) ................................................................................•....•....•........ 
±20mA 
Maximum Output Current sunk by any I/O pin ....................•.......•...................................................•.................... 
25mA 
Maximum Output Current sourced by any I/O pin ............•................................•....•.........•................................... 
25mA 
Maximum Current sunk by PORTA, PORTS, and PORTE (combined) 
200mA 
Maximum Current sourced by PORTA, PORTS, and PORTE (combined) 
200mA 
Maximum Current sunk by PORTC and PORTO (combined) 
200mA 
Maximum Current sourced by PORTC and PORTO (combined) 
200mA 


Notes: 
1. 
Power dissipation is calculated as follows: Pdis = Voo x {Ioo - L loh} + L {(Voo-Voh) x loh} + L(Vol x 101) 


2. 
Voltage spikes below Vss atthe MaR 
pin, inducing currents greater than SOmA,may cause latch-up. Thus, 


a series resistor of 50-1oon should be used when applying a 'low' level to the MaR 
pin rather than pulling 
this pin directly to Vss. 


t NOTICE: 
Stresses above those 
permanent 
damage to the de • 
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PIC16C64 


16.1 
DC CHARACTERISTICS: PIC16C64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C64-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


DC CHARACTERISTICS 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating temperature 
-4O'C 
::;TA::; + 125"C for automotive, 


-4O'C 
::;TA::; + 85'C for industrial and 
O·C 
::;TA::; +70'C for commercial 
Operating voltage 
Voo = 4.0V 
to 6.0V 


Characteristic 
Sym 
Mln 
Typt 
Max 
Units 
Conditions 


Supply Voltage 
voo 
4.0 
6.0 
V 
4.5 
5.5 
V 


RAMData Retenllon 
VOR 
1.5 
V 
Voltage (Note 1) 


Voostart voltage to 
VPOR 
Vss 
V 
guarantee power on reset 


Voorise rate to guarantee 
Svoo 
0.05' 
power on reset 


Supply Current (Note2, 5) 


100 
2.7 


LPosc configuration 


Fosc = 32 KHz,Voo= 4.0V,WDTdisabled 


HSosc configuration 


Fosc = 20 MHz,Voo= S.5V(PIC16C64-20) 


PowerDownCurrent 
(Note 3,5) 
42 
)JA 
Voo= 4.0V,WDTenabled,-40'Cto +8S'C 
21 
)JA 
Voo= 4.0V,WDTdisabled,O'Cto +70'C 
24 
)JA 
Voo= 4.0V,WDTdisabled,-40'C to +8S'C 
TSD 
)JA 
Voo= 4.0V,WDTdisabled,-40'C to +12S'C 


ch 
ac 
'zed but not tested. 
5 ,25'C unless otherwise stated. These parameters are for design guidance only and are 


Notes: 1. This is th 
. 
it to which Voo can be lowered in SLEEP mode without losing RAM data. 


2. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as I/O pin 


loading and switching rate, oscillator type, intemal code execution pattern, and temperature also have an 
impact on the current consumption. 
The test conditions for all 100 measurements in active operation mode are: 


OSC 1=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 
3. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 


4. 
For RC osc configuration, current through Rext is not included. 
The current through the resistor can be 


estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


5. 
Timer1 oscilator (when enabled) adds approximately xmA to the specification. 
This value is from character- 
ization and is for design guidance only. This is not tested. 
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Standard 
Operating 
Conditions 
(unless otherwise 
stated) 
Operating temperature 
-40'C 
$ TA $ + 12S'C for automotive, 


-40'C 
$ TA $ + SS'C for industrial and 
O'C 
$ TA $ +70'C for commercial 
Operating voltage 
Voo = 2.SV to 6.0V 


Min 
Typ t 
Max 
Units 


Voo 
2.S 
6.0 
V 


4.S 
S.S 
V 


RAM Data Retention 
VOR 
1.S 
V 
Voltage 
(Note 1) 


Voo start voltage 
to 
VPOR 
Vss 
V 


guarantee 
power on reset 


Voo rise rate to guarantee 
5voo 
O.OS' 


power 
on reset 


Supply 
Current 
(Note 2, 5) 


100 


Power Down Current 


(Note 3,5) 


o 
- 4 MHz, VOO= S.SV (Note 4) 


Fosc= 32 KHz, Voo = 3.0V, WOT disabled 


Voo = 3.0V, WOT enabled, -40'C to +8S'C 


voo = 3.0V, WOT disabled, 
O'C to +70'C 


Voo = 3.0V, WOT disabled, 
-40'C to +8S'C 


Voo = 3.0V, WOT disabled, 
-40'C to +12S'C 


, 
These parameters are charact 


t : Data in 'Typ' column is at Sv. 


not tested. 


t 
ted. 


erwise stated. These parameters are for design guidance only and are 


Notes: 1. 
2. 
This is the . ~ 
can be lowered in SLEEP mode without losing RAM data. 


The supp 
cul'lo6r 
m 
nly a function of the operating voltage and frequency. 
Other factors such as I/O pin 
loadi 
an 
itc' 
g rate, oscillator type, internal code execution pattern, and temperature also have an 
i 
aetOP t 
c 
nt consumption. 
Th 
:est c nditions for all 100 measurements in active operation mode are: 


OSC1- 
al square wave, from rail to rail; all I/O pins tnstated, pulled to Voo, RT = Voo, MaR 
= Voo; 


WOT enabled/disabled as specified. 
3. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Voo and Vss. 


4. 
For RC osc configuration, current through Rext is not included. 
The current through the resistor can be 
estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


S. 
Timer1 oscilator (when enabled) adds approximately xmA to the specification. 
This value is from character- 


ization and is for design guidance only. This is not tested. 
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16.3 
DC CHARACTERISTICS: 
PIC16C64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C64-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16lC64-04 
(COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


DC CHARACTERISTICS 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating 
temperature 
-4O·C ~ TA ~ + 12S·C for automotive, 
-40 ~ TA ~ +85·C 
for industrial 
and O·C ~ TA ~ +70·C 
for commercial 


Operating 
voltage 
Voo range as described 
in DC spec tables 
14.1/14.2 


Characteristic 
Sym 
Min 
Typt 
Max 
Units 
Conditions 


Input Low Voltage 


1/0 ports 
VIL 
- with TIL buffer 
VSs 
0.8V 
V 
~ith 
Schmitt Trigger buffer 
Vss 
0.2 Voo 
V 
MCLR, RMITOCKI,OSC1 
Vss 
0.2 Voo 
V 
Note 1 


(in RCmode) 
OSC1/in Xl, HS and LPI 
Vss 
0.3 Voo 
V 
Input High Voltage 


1/0 ports 
VIH 
- with TIL buffer 
2.0 
Voo 
V 
- with Schmitt Trigger buffer 
0.8 Voo 
Voo 
MCLR, RA4ITOCKI 
0.8 Voo 
Voo 
V 
OSC1 (in RC model 
0.7Voo 
Voo 
V 
Note 1 
PORTB weak pUll-Up current 
IpURB 
SO 
100 
1S0 
!JA 
Voo = SV, VPIN= Vss 
Input Leakage Current 


(Notes 2, 3) 


1/0 ports 
IlL 
±1 
!JA 
Vss ~ VPIN~ Voo, Pin at hi-impedance 


MCLR, RA4ITOCKI 
±5 
!JA 
Vss ~ VPIN~ Voo 
OSC1 
±5 
!JA 
Vss ~ VPIN~ Voo , Xl, HS and LP osc 
configuration 
Output Low Voltage 


1/0 Ports 
VOL 
0.6 
V 
10L= 8.S mA, Voo = 4.SV, -40·C to +8S·C 


0.6 
V 
10L= 7.0 mA, Voo = 4.SV, -40·C to +12S·C 


OSC2ICLKOUT 
0.6 
V 
10L= 1.6 mA, Voo = 4.SV, -40·C to +8S·C 


(RC osc configuration) 
0.6 
V 
10L= 1.2 mA, Voo = 4.SV, -40·C to +12S·C 


Output High Voltage 


1/0 Ports (Note 3) 
VOH 
Voo-O.? 
V 
10H= -3.0 mA, Voo = 4.SV, -40·C to +8S·C 


Voo-O.? 
V 
10H= -2.S mA, Voo = 4.SV, -40·C to +12S·C 


OSC2ICLKOUT 
Voo-O.? 
V 
10H= -1.3 mA, Voo = 4.SV, -40·C to +8S·C 


(RC osc configuration) 
Voo-O.? 
V 
10H= -1.0 mA, Voo = 4.SV, -40·C to +12S·C 


Capacitive Loading Specs on 
Output Pins 
OSC2 pin 
COSC2 
1S 
pF 
In XT, HS and LP modes when 
externalclock is usedto drive OSC1. 


All 1/0 pins and OSC2 
(in RC mode) 
CIO 
SO 
pF 
SCL, SDA in I'C mode 
Cb 
400 
pF 


t : Data in "Typ" column 
is at SV, 2S·C unless otherwise 
stated. 
These parameters 
are for design 
guidance 
only and are 
not tested. 


Notes: 
1. 
In RC oscillator 
configuration, 
the OSC1 
pin is a Schmitt 
trigger 
input. 


It is not recommended 
that the PIC16C64 
be driven 
with external 
clock in RC mode. 


2. 
The leakage 
current 
on the MCLR pin is strongly 
dependent 
on the applied 
voltage 
level. The specified 
levels 


represent 
nonmal operating 
conditions. 
Higher 
leakage 
current 
may be measured 
at different 
input voltages. 


3. 
Negative 
current 
is defined 
as coming 
out of the pin. 


4. 
The user may use better 
of the two specs. 


1PU"®~~m~Ifl)©lU"~ 


2-308 


16.4 
Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2ppS 
3. Tcc:st 
(FC specifications only) 


2. TppS 
4. Ts 
(FC specifications only) 


T 
Time 


os 
OSC1 
• 
rd 
RD 


rw 
RDorWR 


sc 
SCK 


ss 
SS 


to 
TOCKI 


t1 
T1CKI 


wr 
WR 


pp 


cc 
CCP1 


ck 
CLKOUT 


cs 
CS 


di 
SOl 


do 
SDO 


dt 
Data in 


io 
I/O port 


mc 
MCLR 


F 


H 
I 


L 


1>Conly 


AA 


BUF 


Fall 


High 


Invalid (Hi-impedence) 


Low 


P 
Period 


R 
Rise 


V 
Valid 


Z 
High Impedence 


High 
High 


Low 
Low 


output access 


Bus free 


CC 
HD 


OAT 


STA 


DATA input hold 


START condition 


0.7 
Voo ><TAL (H 
h) 
~----- 
0.8 
VooRC 
19 


--' 
~ 
0.3 
Voo ><TAL (Low) 
0.15Voo 
RC 
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PIC16C64 


16.5 Timing Diagrams and Specifications 


External Clock Timing 


Q4 
01 
Q2 
03 
Q4 
01 


OSC1 
, 
, , 


--..' 
14- 4 
, ,, 


2 
., 
, 


CLKOUT 


External Clock Timing Requirements 


Parameter 
Sym 
Characteristic 
Mln 
Typ t 
Max 
No. 


Fos 
External ClKIN 
Frequency 
DC 
nd RC osc mode 


(Note 1) 
DC 
S osc mode (PIC16C64-04, 


PIC16LC64-04) 


HS osc mode (PIC16C64-20) 


LP osc mode 


Oscillator 
Frequency 
RC osc mode 


(Note 1) 
XT osc mode 


HS osc mode (PIC16C64-04 


PIC16LC64-04) 


20 
MHz 
HS osc mode (PIC16C64-20) 


200 
KHz 
LP osc mode 


Tos 
ns 
XT and RC osc mode 


ns 
HS osc mode (PICl6C64-04, 


PIC16LC64-Q4) 


50 
ns 
HS osc mode (PIC16C64-20) 


50 
liS 
LP osc mode 


250 
ns 
RC osc mode 


250 
10,000 
ns 
XT osc mode 


250 
1,000 
ns 
HS osc mode (PIC16C64-04 


PIC16LC64-04) 


50 
1,000 
ns 
HS osc mode (PIC16C64-20) 


5 
liS 
LP osc mode 


2 
Tcy 
Instruction 
Cycle Time (Note 1) 
1.0 
4/F 
DC 
liS 
3 
TosL, 
Clock in (OSC1) High or Low Time 
50 
ns 
XT oscillator 


TosH 
2 
liS 
LP oscillator 


20 
ns 
HS oscillator 


4 
TosR, 
Clock in (OSC1) Rise or Fall TIme 
25 
ns 
XT oscillator 


TosF 
50 
ns 
LP oscillator 


25 
ns 
HS oscillator 


t: Data in "Typ" column is at SV, 2S'C unless otherwise stated. 
These parameters 
are for design guidance only and are not tested. 


Note 1: 
Instruction 
cycle period (fcy) 
equals four times the input oscillator 
time base period. 
All specified 
values are based on 


characterization 
data for that particular oscillator type under standard operating conditions with the device executing 
code. 


Exceeding these specified lim~s may resu~ in an unstable oscillator operation and/or higher than expected current consumption. 
All 
devices 
are 
tested 
to 
operate 
at 
"min." 
values 
with 
an 
external 
clock 
applied 
to 
the 
OSC1 
pin. 


When an extemal clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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11 
:r 


CLKOUT 
and 110 Timing 
Requirements 


Parameter 
Sym 
Characteristic 
Typt 
Max 
Units 
Conditions 
No. 


10 
TosH2ckL 
15 
30 
ns 


11 
TosH2ckH 
15 
30 
ns 


12 
TckR 
5 
15 
ns 


13 
TckF 
5 
15 
ns 


14 
TckL2ioV 
0.5Tc +20 
ns 


15 
TioV2ckH 
0.25 Tcy+25 
ns 


16 
0 
ns 


17 
TBD 
ns 


18 
TBD 
ns 


19 
TBD 
ns 


20 
TioR 
10 
25 
ns 


21 
TioF 
10 
25 
ns 


• 
These parameters are characterized but not tested. 


t: 
Data in "Typ" column is at 5V. 25"C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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11th low 


at hd 
merTimeoutPeriod 


( 
Presealer) 


32 
Os 
lationStart-upTimer Period 


33 
Tpwrt 
Power-upTimerPeriod 


• 
These parameters are characterized but not tested. 
t: Data in "Typ" column is at SV, 2S'C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 


;.-- 
33---+( 
, 


\~r 
\~r 
. 


Watchdog 
TImer 
RESET 


Voo= 5V, -40'Cto +125'C 


tose = OSCl period 


Voo= 5V, -40'C to +125'C 


18 


1024 tose 


72 
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! 
\ 
t 
----- 
, 
, ,------, 
' 
I 
I 
I 
It 
:_40--:_41_: 
I 
,1 
I 
I 
, 
, 
, 
, 
:.. 
42 
~: 


I, 
\ 
----~ 
" 


:- 
45 ---: 
:-- 
46 
, 
. ' 
,, 


TimerO and Timer1 
Clock 
Requirements 


Parameter 
8ym 
Characteristic 
Typt 
Max 
Units 
Conditions 
No. 


40 
TwH 
TOCKI High Pulse Width 
ns 


ns 


41 
TwL 
ns 


ns 


42 
TwP 
Tcy + 40' 
ns 
Where N = prescale 
-N- 
value (2, 4•...• 256) 


45 
TllH 
ronous. 
No Prescaler 
0.5Tcy + 20 
ns 


ynchronous. 
With Prescaler 
10' 
ns 


Asynchronous 
2Tcy 
ns 


46 
Tll 
Synchronous. 
No Pres caler 
0.5Tcy + 20' 
ns 


Synchronous. 
With Prescaler 
10' 
ns 


Asynchronous 
2 Tcy 
ns 


47 
Tn P 
Tl CKI input period 
Synchronous 
Tcy + 40' 
ns 
N=prescale value 


N 
(1.2.4.8) 


Asynchronous 
4Tcy 
ns 


Ftl 
Timerl 
oscillator 
input frequency 
range 
DC 
200 
KHz 


(oscillator 
enabled by setting the Tl0SCEN 
bit) 


• 
These parameters are characterized but not tested. 


t: Data in "Typ" column is at 5V. 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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\~~!. 
, 
, , 
:.-- 
50 ----..: 
:.-- 
51 


, 
,,:. 
\~- 
, ,, , 
, ,-" 


, ,,,..: 


RC2ICCP1 
(Capture Mode) 


RC2ICCP1 
(Compare or 
PWMMode) 
I 
----, 
, 


53 ~ 
:....- 
\:'---- 
~ 
:.- 
54 


Parameter 
Sym 
Characteristic 
Min 
Typt 
Max 
Units 
Conditions 
No, 


50 
TccL 
CCP1 input low time 
No Presealer 
0.5 Tey+ 20 
- 
- 
ns 


With Presealer 
10 
- 
- 
ns 


51 
TecH 
CCP1 input high time 
No Presealer 
0.5 Tey+ 20 
- 
- 
ns 


With Presealer 
10 
- 
- 
ns 


52 
TecP 
CCP1 input period 
Tey + 40 
- 
- 
ns 
N = preseale value 


N 
(4 or 16) 


53 
TeeR 
CCP1 output rise time 
- 
10 
25 
ns 


54 
TeeF 
CCP1 output fall time 
- 
10 
25 
ns 


• 
These 
parameters 
are characterized 
but not tested. 


t : Data in "Typ" column is at 5V, 25'C unless otherwise 
stated. 
These parameters 
are for design guidance 
only and are 


not tested. 
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RE2ICS \~_/ 
\~~/ 


LJ 
' 
: 
-~~,-~V 


~ 
:--65 


-~~ 
j 
)~~\ 
1;>---- 


:.- 
62--';, 


64--: 
:-- 


--.: 
:_ 
63 


Parameter 
Sym 
Characteristic 
Mln 
Typt 
Max 
Units 
Conditions 
No. 


62 
TdtV2wrH 
Data in valid before WAi 
20 
- 
- 
ns 
or cSi 
(setuD time) 
63 
TwrH2dti 
WAi 
or cSi 
to data-in invalid 
20 
- 
- 
ns 
(hold time) 
64 
TrdL2dtV 
AD.!. and CS.!.to data-out valid 
- 
- 
40 
ns 
65 
TrdH2dti 
ADi 
or CS.!. to data-out invalid 
10 
- 
30 
ns 


t: 
Data in "Typ" column is at 5V. 25"C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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SCK 
(CKP=O) 


,, 
:•. 70'; 
,,,, 
, . 
, ' 


" 
' 
:.•. 
71 .• : :.. 
72 .• : 
, 
' 
, 
, 
' 
,,,, 
SCK 
(CKP=l) 


-~f 
i J.>------'---< 


~74 


: 
73 
: 
...---., 


Parameter 
8ym 
Characteristic 
Min 
Typt 
Max 
Units 
Conditions 
No. 


70 
Tssl2scH, 
SS.!.to SCK.!. or SCKi 
input 
Tcy 
- 
- 
ns 
Tssl2scL, 


71 
TscH 
SCK input high time 
Tcy+20 
- 
- 
ns 
(slave mode) 


72 
TscL 
SCK input low time 
Tcy+20 
- 
- 
ns 
(slave mode) 


73 
TdiV2scH, 
SOl data input valid before 
Tcy 
- 
- 
ns 
TdiV2scL 
SCKedge 
74 
TscH2dil, 
SOl data input invalid after 
0.5Tcy 
- 
- 
ns 
Tscl2dil, 
SCKedge 


75 
TdoR 
SOO data output rise time 
- 
10 
25 
ns 
76 
TdoF 
SOO data outout fall time 
- 
10 
25 
ns 


77 
TssH2doZ 
SS.!.to SOO output 
10 
- 
50 
ns 
hi-impedence 


78 
TscR 
SCK output rise time 
- 
10 
25 
ns 
(master model 
79 
TscF 
SCK output fall time 
- 
10 
25 
ns 
(master mode) 


t: Oata in ·Typ· column is at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and 


are not tested. 
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:83 
I 


~ 
START 
Condition 


I~ 
STOP 
Condition 


Parameter 
Sym 
Characteristic 
Mln 
Typ 
Max 
Units 
Conditions 


No. 


80 
TSU:STA START condition 
100 KHZ mode 
4700 
- 
- 
Only relevant for repeated 


Setup time 
400 KHz mode 
ns 
START condition 
600 
- 
- 
81 
THD:STA START condition 
100 KHz mode 
4000 
- 
- 
After this period the 
ns 
first clock pulse is generated 
Hold time 
400 KHz mode 
600 
- 
- 
82 
TSU:STO STOP condition 
100 KHZ mode 
4700 
- 
- 
Setup time 
400 KHz mode 
ns 
600 
- 
- 


83 
THD:STOSTOP condition 
100 KHz mode 
4000 
- 
- 


HoJdtime 
400 KHz mode 
ns 
600 
- 
- 
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93"": 
:.- 
~ 
90 -...: 
' 
, , 
' 
, 
~~~N 
/~~\917 


, 
,I,~,--~ 
, 
, 


~80;-+- 
: 
96~ 
: 


, 
t 
~97 
, 
, 
:...- 
: 
, 
: 
, X~_-_'==-~~~~~~~ 


~ 
100--": 


~ 
~92 
, ,,-------- 


\--------K 


-.: 
81 
, 
-~\ 
,, 
~991+ , 
'lltliXtlttIX~~ 
----------~x.~------ 


Parameter 
Sym 
Characteristic 
Min 
Max 
Units 
Conditions 


No. 


90 
THIGH 
Clock high time 
100 KHz mode 
4.0 
- 
j!S 
PIC16C64 must operate at a 
minimum of 1.5 MHz 


400 KHz mode 
0.6 
- 
j!S 
PIC16C64 must operate at a 
minimum of 10 MHz 


SSP Module 
1.5 Tcy 
- 
91 
TLOW 
Clock low time 
100 KHz mode 
4.7 
- 
j!S 
PIC16C64 must operate at a 
minimum of 1.5 MHz 


400 KHz mode 
1.3 
- 
j!S 
PIC16C64 must operate at a 
minimum of 10 MHz 


SSP Module 
1.5 Tcy 
- 


92 
TR 
SDAand 
SCL 
100 KHz mode 
- 
1000 
ns 
rise time 
400 KHz mode 
20+0.1 Cb 
300 
ns 
Cb is specified to be from 
10-400 DF 
93 
TF 
SDAand 
SCL 
100 KHz mode 
- 
300 
ns 
fall time 
400 KHz mode 
20+0.1 Cb 
300 
ns 
Cb is specified to be from 
10-400 DF 
80 
TSU:STA START condition 
100 KHz mode 
4.7 
- 
us 
Only relevant for repeated 


setuotime 
400 KHz mode 
0.6 
- 
us 
START condition 


81 
THD:STA START condition 
100 KHz mode 
4.0 
- 
j!S 
After this period the 


hold time 
400 KHz mode 
0.6 
- 
us 
first clock Dulse is aenerated 
96 
THD:DAT Data input 
100 KHz mode 
0 
- 
ns 
hold time 
400 KHz mode 
0 
0.9 
us 


97 
TSU:DAT Data input 
100 KHz mode 
250 
- 
ns 
setuDtime 
400 KHz mode 
100 
- 
ns 
Note 2 
82 
TSU:STO STOP condition 
100 KHz mode 
4.7 
- 
us 
setuotime 
400 KHz mode 
0.6 
us 
99 
TAA 
Output valid 
100 KHz mode 
300 
3500 
ns 
Note 1 
from clock 
400 KHz mode 
- 
- 
- 


100 
TSUF 
Bus free time 
100 KHz mode 
4.7 
- 
us 
Time the bus must be free 


400 KHz mode 
1.3 
lls 
before a new transmission can 


- 
start 
Cb 
Bus capacitive loading 
- 
400 
pF 


Note 1: 
As a transmitter, the device must provide this intemal minimum delay time to bridge the undefined region (min. 300ns) of the 
falling edge of SCL to avoid unintended 
generation of START or STOP conditions. 


2: 
A fast-mode J'e-bus device can be used in a standard-mode 
I'C-bus system, but the requirement tsu;DAT>-250ns must then 


be met. This will automatically 
be the case if the device does not stretch the LOW period of the SCL signal. 
If such a device 


does stretch the LOW period of the SCLsignal, it must oulputthe next data bittothe SDA linetR max.+lsu;DAT =1000+250=125005 
(according to the standard-mode 
12C bus specification) 
before the SCL line is released. 
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PIC16C64 


20.0 
PACKAGING 
INFORMATION 


See Section 
11 of the Data 
Book. 


20.1 
package Marking InformaUon 


44L PLCC 
Example 
G 
G 


44L PQFP 
Example 
G 
G 


40L PDIP (.600 mil) 
Example 


MMMMMMMMIOOIMXX 
PIC16C64-04 


MMMMMMMMXXXXXXX 
o P126 
0 
O~O 
~~ 


40LCerdip 
Example 


~ 


~ 
~ 
~ 
Mll:AIICHp 
0 
0 
- 


PIC16C64 
- 
AASS CDE 
9038 
CSA 


MM 
M 
XX 
X 


AA 
BB 


C 


Microchip part number infonmation 
Customer specific information' 


Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 


Facility code of the plant at which wafer is manufactured 
C = Chandler, Arizona, U.S.A. 


o 
Mask revision number 


E 
Assembly code of the plant or country or origin in which 
part was ass me bled 


Note: 
In the event the full Microchip part number can not be marked on one line, it will be 
carried over to the next line thus limiting the number of available characters 
for 
customer specific infonmation. 


, 
Standard OTP marking consists of Microchip part number, year code, week code, facility 
code, mask rev #, and assembly code. ForOTP marking beyond this, certain price adders 
apply. 
Please check with your Microchip sales Office. 
For OTP devices, any special 
marking adders are included in OTP price. 
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The following 
are the list of modifications 
over the 
PIC16C5X microcontroller family: 


1. 
Instruction word length is increased to 14-bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32-bytes before). 


2. 
A PC high latch register (PCLATH) is added to 
handle program memory paging. 
PA2, PA1, PAO 
bits are removed from status register. 


3. 
Data memory paging is redefined slightly. 
Status 


register is modified. 


4. 
Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 


Two instructions 
TRIS and OPTION 
are being 
phased out although they are kept for compatibility 
with PIC16C5X. 


5. 
OPTION and TRIS registers are made addressible. 


6. 
Interrupt capability is added. 
Interrupt vector is at 


0004h. 


7. 
Stack size is increased to eight deep. 


8. 
Reset vector is changed to OOOOh. 


9. 
Reset of all registers is revisited. 
Five different 
reset (and wake-up) types are recognized. 
Regis- 


ters are reset differently. 


10. 
Wake up from SLEEP through interrupt is added. 


11. 
Two separate timers oscillator start-up timer (OST) 
and power-up timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


12 
PORTB has weak pull-ups and interrupt on change 
feature. 


13. 
RTCC pin is also a port pin (RA4) now. 


14. 
FSR is made a full eight bit register. 


15. 
"In system programming" is made possible. 
The 
user can program PIC16CXX devices using only 
five pins: Voo, Vss, MCLRNpp, RB6 (clock) and 
RB7 (data in/out). 


16. 
PCON status register is added with a Power-On 
Reset (PaR) status bit. 


17. 
Code protection scheme is enhanced such that 
portions of the program memory can be protected, 
while the remainder is unprotected. 


To convert code written for PIC16C5X to PIC16CXX, the 
user should take the following steps: 


1. 
Remove any program memory page select opera- 
tions (PA2, PA1, PAO bits) for CALL, GOTO. 


2. 
Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


3. 
Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them . 


4. 
Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


5. 
Change reset vector to OOOOh. 
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Architectural overview 
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Assembler 
84 
Asynchronous TMR1 counter mode 
36 
Bidirectional I/O ports 
27 
Buffer Full (BF) bit 
43. 45. 53-55 
Bulletin Board Service - 
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105 
Capture mode 
29, 39 
CarrylBorrow (C) bit 
11 
CCP1 module 
37 
CCP1 CON register 
39 


CCP11E bit 
15 
CCP11F bit 
16 
CCP1 M3-0 bits 
37 
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38, 39 
CKP bit 
44 
ClKOUT 
8 
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70 
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Compatibility 
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Development support 
83 
Device programming 
83,84 
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85 
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17 
General Purpose Register File 
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.49 
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97, 98 
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serial programming 
70 
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Instruction flow 
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Instruction set 
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I/O programming considerations 
27 
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61-65 
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OPTION register 
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59 
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62 
Package types 
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89 
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17 
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17 
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16 
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11, 61. 68 
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84 
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Pinout description 
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23 
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24 
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68, 69 
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61 
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61 
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84 
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83 
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41 
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61 


Register file 
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10. 43. 54, 55 
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84 
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68. 69 
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58 
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96 
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45 
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Connect world wide to the Microchip BBS using the 
CompuServe communications network. 
In most cases 
a local call is your only expense. 
The Microchip BBS 
connection 
does not use CompuServe 
membership 
services, therefore 
you 
do not 
need Compu5erve 
membership 
to Join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 
agent for details if you have a problem. 
CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 


(8N1). This is not the normal CompuServe setting 
which is 7E1. 


3. 
Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Hos t 
Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 


tions. 


For voice information 
(or calling from overseas), you 
may call (614) 457-1550 
for your local CompuServe 
number. 


TradtHflllrlcs: 


PIC is a registered 
trademark 
of Microchip 
Technology 
Incorporated 
in the U.S.A. 


The Microchip logo and name are trademarks 
of Microchip 
Technology 
Incorporated. 


PICMASTER, 
PRO MATE and PICSTARTare 
trademarks 
of Microchip Technology 
Incorporated. 


ACCESS.bus 
is a trademark of the ACCESS.bus 
Industry 
Group. 


I'C is a trademark of PhilipslSignetics. 


IBM PC and AT are registered trademarks 
of IBM Corpora- 
tion. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe is a registered trademark of CompuServe 
Inc. 


All other trademarks 
mentioned herein are the property of 
their respective companies. 
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PIC16C64 
product 
Identification 
System 


To order or to obtain infonnation, 
e.g., on pricing or delivery, 
please use the listed part numbers, 
and refer to the factory 
or the listed sales offices. 


PART NO. -xx 
X /XX xxx-q 


3-Digit Pattem Code lor QTP/SQTP (Iactory specified) 
(blank lor OTP and Windowed Parts) 


P 
= 
PDIP (600 mil) 
L 
PLCC 
PO = 
MQFP (Metric POFP) 


4 MHz 
10 MHz 
20 MHz 


Examples: 
a) PICl6C64· 
04IP 
= Commercial temp., 
DIP (600 mil) package, 
4 MHz, standard Voo limits, 
OTPpart 


b) PIC16C64 - 04 UPQ462 


= Industrial temp., 
MQFP package, 4 MHz, 
standard V00 limits, 
pattem '462 
(QTP or SQTP parts) 


0' C t> +70'C (T lor tapelreel) 


-40' C t> +85'C (S lor tapelreel) 
-40'C 
t> +l25'C 


PICl6C64 
: Standard Voo range 
PICl6LC64 
: Extended Voo range 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine ff an errata sheet exists lor a particular device, please contact one 01the lollowing: 


1. 
Your local Microchip sales office (see below) 
2. 
Tha Microchip Corporate Ltterature Center 
U.S. FAX: (602) 786·7277 
3. 
Tha Microchip'S Bulletin Board, via your local Compuserve number. 


Please specify which device, revision 01silicon and Data Sheet (include Literature ') you are using. 


For latest version information and upgrade kits lor Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 
PIC16C71 


High-Performance RISC-Iike CPU 


• Only 35 single word instructions to leam 
• All single cycle instructions (250ns) except for 
program branches which are two-eycle 
• Operating speed: 
DC - 16 MHz clock input 
DC - 250ns instruction cycle 


• 14-bit wide instructions 
• 8-bit wide data path 
• 1024 x 14 on-chip EPROM program memory 
• 36 x 8 general purpose registers (SRAM) 
• 
15 special function hardware registers 
• Eight-level deep hardware stack 
• Direct, indirect and relative addressing modes 
• Four interrupt sources: 


ExtemallNT 
pin 
- 
TMROtimer 


- 
AID conversion completion 


- 
PortB<7:4> interrupt on change 


Peripheral Features 


• 
13 I/O pins with individual direction control 
• High current sink/source for direct LED drive 


- 
25mA sink max. per pin 


- 
20mA source max. per pin 
• TMRO: 8-bit real time clock/counter with 8-bit 
programmable prescaler 
• NO converter module: 


Four analog inputs multiplexed into one AID 
converter 
- Sample and hold 
- 2011Sconversion time/channel 
- 8-bit resolution with ±1 LSB accuracy 
- Extemal reference input, VREF(VREF~ Voo) 
• Analog input range: Vss to VREF 


Special Microcontroller Features 


• Power-On Reset 
• Power-up Timer 
• Oscillator Start-up Timer 
• Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 


• Security EPROM fuse for code-protection 
• Power saving SLEEP mode 
• User selectable oscillator options: 
- RC oscillator: RC 
- CrystaVresonator: XT 
- High-speed crystaVresonator: HS 
Power saving, low frequency crystal: LP 
• Serial, In-System Programming (ISP) of EPROM 
program memory using only two pins 


RA2lAIN2 


....-.. 
RA3lAIN3IVAEF 


--- 
RMlTOCKI 


-.. 
MCLRlVpp 


-- 
Vss 


--- 
RBO/INT 
•.......•. 
ASl 


--- 
RB2 


--- 
RB3 


·1 
'-' 
18 
2 
17 
3 
." 
16 
• 
§ 
15 
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--- 
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OSC1ICLKIN 
--- 


OSC2ICLKOLrr 
-- 


Voo 
- 
RB7 
•....•. 


RB6 
--- 
RBS 
- 
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CMOS Technology 


Low-power, high-speed CMOS EPROM technology 
Fully static design 
Wide-operating voltage range: 
Commercial: 3.0V to 6.0V 
- 
Industrial: 3.0V to 6.0V 
- 
Automotive: 3.0V to 6.0V 
Low-power consumption 
- 
< 2mA @ 5V, 4 MHz 
- 
15lJA typical 
@ 3V, 32 KHz (with AID off) 


- 
< 1lJAtypical standby current @ 3V 


The PIC16C71 is a high-performance, low-cost, CMOS, 
fully-static EPROM-based 8-bit microcontroller with on- 
chip Analog to Digital converter. It is the first member of 
a new and improved family of PIC16CXX microcon- 
trollers (customers familiar with the PIC16C5X products 
may refer to Appendix A for a list of enhancements). 


The PIC16C71's high performance is due to all single 
word instructions 
(14-bit wide) that are executed 
in 
single cycle (2500s at 16 MHz clock) except for program- 
branches which take two cycles (500 ns). In addition, the 
PIC16C71 has four interrupt sources and an eight level 
hardware stack. 


The peripherals include an 8-bit timer/counter with an 
8-bit prescaler (effectively a 16-bit timer), 13 bi-direc- 
tional I/O pins and an 8-bit AID converter. 
The high 
current drive (25mA max. sink, 20 mA max source) of the 
I/O pins help reduce extemal drivers and therefore, 
system cost. 


The AID converter has four channels, sample and hold, 
8-bit resolution with ±1 LSB accuracy. Conversion time 
is typically 3011Sincluding sampling time. 


The PIC16C71 product is supported by an assembler, 
an in-circuit emulator and a production quality program- 
mer. 
All the tools are supported on IBM PC" and 
compatible machines. 
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The PIC16C71 is a low-cost, high-performance, CMOS, 
fully static, EPROM-based a-bit microcontroller with on- 
chip analog to digital converter. It employs an advanced 
RISC-Iike architecture. A reduced set of 35 instructions, 
all single word instructions (14-bit wide), all single cycle 
instructions 
(200ns) 
except 
for two-cycle 
program 
branches, instruction pipe-lining, large register set and 
separate instruction and data memory (Harvard archi- 
tecture) schemes are some of the architectural innova- 
tion used to achieve 
very high performance. 
The 
PIC16C71 typically achieves a 2:1 code compression 
and a 4:1 speed improvement over other a-bit microcon- 
trollers in its class. 


The PIC16C71 has special features which reduce exter- 
nal components, thus reducing cost, enhancing system 
reliability and reducing power consumption. 
There are 
four oscillator options, of which the single pin RC oscil- 
lator provides a low-cost solution and the LP oscillator 
minimizes power consumption. 
The SLEEP (power 
down) mode offers power saving. The user can wake up 
the chip from SLEEP through 
several extemal 
and 
intemal interrupts and reset. 


A highly reliable watchdog timer with its own on-chip RC 
oscillator provides protection against software malfunc- 
tion. 


A UV-erasable cerdip-packaged version is ideal forcode 
development while the cost-effective 
One Time Pro- 
grammable (OTP) version is suitable for production in 
any volume. 
The customer can take full advantage of 
Microchip's price leadership 
in OTP microcontrollers 
while benefiting from the OTP flexibility. 


1.1 Upward Compatibility with PIC16C5X 


Those users familiar with the PIC16C5X family of micro- 
controllers will realize that this is an improved version of 
the PIC16C5X architecture. 
Please refer to Appendix A 
for a detailed list of modifications. 
Code written for 
PIC16C5X can be easily ported to PIC16C71 
(see 
Appendix B). 


1.2 Applications 


The PIC16C71 fits perfectly in applications ranging from 
high-speed automotive and appliance motor control to 
low-power remote sensors, battery chargers, gas gauges, 
pointing devices, and telecom processors. The EPROM 
technology 
makes customization 
of application 
pro- 
grams (transmitter codes, motor speeds, receiver fre- 
quencies, etc.) extremely fast and convenient. The small 
footprint packages for through hole or surface mounting 
make this microcontroller series perfect for all applica- 
tions with space limitations. Low-cost, low-power, high 
performance, ease of use, and 1/0 flexibility makes the 
PIC16C71 very versatile even in areas where no micro- 
controller use has been considered before (e.g. timer 
functions, replacement of "glue" logic in larger systems, 
co-processor 
applications). 
Additionally, 
the on chip 
high speed, multi-channel AID offers good analog capa- 
bilities at a reduced cost. 
The a-bit accuracy AID is 


ideally suited for a low cost application 
requiring an 
analog interface e.g. thermostat control, pressure sens- 
ing, etc. 


A variety of frequency ranges and packaging options are 
available. 
Depending 
on application 
and production 
requirements the proper device option can be selected 
using the information and tables in this section. 
When 
placing orders, please use the "PIC16C71 Product Iden- 
tification System" on the back page of this data sheet to 
specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes etc. Microchip's 
PICSTART and PRO MATE~ programmers 
supports 
programming of the PIC16C71. 


2.2 One-Time-Programmable (OTP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. 
In addition to the 
program 
memory, the oscillator 
fuses, configuration 
fuses and the ID locations (if used) must be programmed. 


2.3 Quick-Turnaround-Production 
(QTP) 
Devices 


Microchip offers a OTP Programming Service forfactory 
production orders. 
This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code pattems have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations 
and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. 
Please contact your Microchip 
Technology sales office for more details. 


2.4 Serialized Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
few locations 
in each device are programmed 
with 
different serial numbers. 
The serial numbers may be 
random, pseudo-random or sequential. 


Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
ID number. 
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The PIC16C71 address 1Kx 14 program memory space, 
all 
on-chip. 
Program 
execution 
is 
internal 
only 
(microcontroller 
mode). 


The PIC16C71 
can directly or indirectly 
address 
its 48 
register 
files 
or data 
memory. 
All 
special 
function 
registers 
including 
the program 
counter 
are mapped 
in 
the data memory. The PIC16C71 
has a fairly orthogonal 


(symmetrical) 
instruction 
set that makes 
it possible 
to 
carry out any operation 
on any register 
using any ad- 
dressing 
mode. 
This symmetrical 
nature 
and lack of 
'special optimal situations' 
make programming 
with the 
PIC16C71 
simple yet efficient. 
In addition, 
the learning 
curve is reduced 
significantly. 


The high performance 
of the PIC16C71 
can be attrib- 
uted to a number 
of architectural 
features 
commonly 
found 
in RISC 
microprocessors. 
To 
begin 
with, 
the 
PIC16C71 
uses a Harvard 
architecture, 
in which, pro- 
gram and data are accessed 
from separate 
memories. 


This improves 
bandwidth 
over traditional 
Von-Neuman 
architecture 
where program 
and data are fetched from 
the same memory. Separating program and data memory 
further 
allows 
instructions 
to be sized differently 
than 
8-bit wide data word. In PIC16C71, 
op-eodes are 14-bit 
wide making it possible 
to have all single word instruc- 


tions. A 14-bit wide program memory access bus fetches 
a 14-bit instruction 
in a single cycle. A two-stage 
pipeline 
overlaps 
fetch 
and execution 
of instructions. 
Conse- 
quently, 
all instructions 
(35) execute 
in a single cycle 
(250ns 
@ 16 MHz) except for program 
branches. 


Pin function 


Pin name 
Pin Type 
Normal 
operation 
Serial 
In-System 
Programming 
(ISP) Mode 


Voo 
P 
Power 
Power 


Vss 
P 
Ground 
Ground 


OSCl/CLKIN 
I 
Clock input/oscillator connection 
- 


OSC2ICLKOUT 
I/O 
Oscillator connection/C~KOUT output., It i~ CLKOUTin RC 
- 
oscillator mode and OSCillatorconnection In all other modes. 


MCLRNpp 
I/P 
Master clearJexternal resetbin~ut. Active low. 
Master clear/programming 
It has Schmi 
trigger input 
u er. 
voltage (Vpp) supply 


RA4ITOCKI 
I/O 
Open-drain outgutlinput pin. It is also the clock input to TMRO 
- 
timer/counter: 
chmltt tngger input buffer 


RAO/AINO 
I/O 
Bidirectional I/O pin/Analog input channel O. As digital input it 
- 
has TIL input levels 


RA1/AINl 
I/O 
Bidirectional I/O pin/Analog input channell. 
As digital input it 
- 
has TIL input levels 


RA2IAIN2 
I/O 
Bidirectional I/O pin/Analog input channel 2. As digital input it 
- 
has TIL input levels 


RA3/AIN3NREF 
I/O 
Bidirectional I/O pin/Analog input channel 3/Analog reference 
- 
voltage input. 
As digital inpu it has TIL input levels 


RBO/INT 
I/O 
Bidirectional I/O pinlExternal interrupt input. TIL input levels 
- 


RB1 
I/O 
Bidirectional I/O pin. TIL input levels 
- 


RB2 
I/O 
Bidirectional I/O pin. TIL input levels 
- 


RB3 
I/O 
Bidirectional I/O pin. TIL input levels 
- 


RB4 
I/O 
Bidirectional I/O Din. TIL inout levels 
- 


RB5 
I/O 
Bidirectional I/O pin. TIL input levels 
- 


RB6 
I/O 
Bidirectional I/O pin. TIL input levels 
Clock input Schmitt Trigger 


RB? 
I/O 
Bidirectional I/O pin. TIL input levels 
Oata input/output Schmitt Trigger 
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3.2 Clocking 
Schemennstruction 
Cycle 


The clock input (from pin OSC1) is intemally divided by 
four to generate four non-overlapping quadrature clocks 
namelyOl, 
02, 03 and 04. Internally, PC is incremented 
every 01, instruction is fetched from program memory 
and latched into instruction register in 04. 
It is decoded 
and executed during the following 01 through 04. 
The 
clocks 
and instruction 
execution 
flow 
is shown 
in 
Figure 3.1. 


3.3 Instruction 
Flowtpipelining 


An "Instruction Cycle" in PIC16C71 consists of 01, 02, 
03 and 04. Instruction fetch and execute are pipelined 
such that fetch takes one instruction cycle while decode 
and execute takes another instruction cycle. However, 
due to the pipelining, each instruction effectively ex- 
ecutes in one cycle. If an instruction causes the program 
counter to change (e.g. GOTO) then two cycles are 
required to complete the instruction. 


A fetch cycle begins with the program counter (PC) 
itlcrementing in 01. 


The fetched instruction is latched into the "Instruction 
Register (IRr 
which is decoded and executed during 
02, 03 and 04. Data memory is read during 02 (oper- 
and read) and written during 04 (destination write). 


3.4 Program Memory Organization 


The PIC16C71 has a 13-bit program counter capable of 
addressing an 8K x 14 program memory space. Only the 
first lK 
x 14 (0000h - 03FFh) are physically 
imple- 
mented. Accessing a location above 3FFh will cause a 
wrap-around within the first 1K x 14 space. 
The reset 
vector is at OOOOhand the interrupt vector is at 0004h. 
Refer to Figure 3.2. 


:} 
lnIomaJ 
, 
Phase 
, 
Clocl<s 
, 


Q4 
~---------,-----':.--------,-----':.--------~ 
pcl 
(Progtam Cou1tec1 
, 
OSC2IClKOUT 
,~ 
_ 


(RCMode) 
, 


FIGURE 3.2· 
PROGRAM MEMORY MAP 
AND STACK 


PC <12:0> 


CALL 
RETLW 
13 
RETFIE 
RETURN 


Stack Level 1 


Stack Level 2 


On-ehip 
Program 
Memory 
03FFh 


O4OOh 
1IiiiIi.-I1FFFh 
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3.5 
Program 
Counter 
Module 


The program counter (PC) is 13-bits wide. The low byte, 
PCl is a readable and writable register. The high byte 
of the PC, PCH, is not directly readable or writable. The 
high byte of the PC can be written through the PCLATH 
register(OAh). Ina CAllorGOTO 
instruction, PC<10:0> 


are loaded from the opcode and PC<12:11 > are loaded 
from the PCLATCH <4:3>. 
Since only 1K bytes are 


implemented, the destination address would be entirely 
contained in the opcode. 
In any instruction where the 


PCl 
is the destination, PC <12:8> are loaded directly 


from PC LATCH<4:0>. 
See Figure 3.3. 


3.5.1 
COMPUTED GOTO 


When doing a table read using a computed goto method, 
care should be exercised if the table location crosses 
page boundaries. 
Please refer to the Application Brief 


'Table Read Using PIC16CXX" for further details. 


FIGURE 3.3 - LOADING OF PC IN 
DIFFERENT SITUATIONS 


o 
~ INST with PCl 
(02h) as dest 


AlU resun 


1211 
10 


~[~ 


2 
PCLATH <4:3> 
r.;;; F'ltl 


PCLATH 


o 


~ GOTO. 
CAll 


Opcade <10:0> 


3.6 Stack 


The PIC16C71 has an 8-deep x 13-bit wide hardware 
stack. The stack space is not part of either program or 
data space and the stack pointer is not readable or 
writable. The PC is PUSHed on the stack when a CAll 
instruction is executed or an interrupt is acknowledged. 
The stack is POPped inthe event of a RETURN, RETlW 
or a RETFI E instruction execution. PCLATH (OAh)is not 
affected by a 'PUSH' or a 'POP' operation. 


3.7 Register 
File Organization 


The register file, in PIC16C71 is organized as 128x8. 
It 
is accessed either directly or indirectly through file select 
register FSR. It is also referred to as the data memory. 
There are two register file page select bits in the STA- 
TUS register allowing selection from up to four pages. 
However, the data memory extends only up to 2Fh. The 
first 12 locations are used to map special function 
registers. 
locations 
OCh - 2Fh are general purpose 


registers implemented as static RAM. 
Some special 
function registers are mapped in page 1. 
When in 


page 1, accessing locations 8Ch - AFh will access the 
RAM in page 0 (Figure 3.4). 


File 


Address 
00 


01 


02 


03 
04 


05 
06 


07 
08 
09 


OA 
OB 
OC 


Indirect addr.(') 
Indirect addr.(") 


RTCC 
OPTION 


PCl 
PCl 


STATUS 
STATUS 


FSR 
FSR 


PORTA 
TRISA 


PORTB 
TRISB 


ADCONO 


ADRES 
PCLATH 


INTCON 


ADCONI 


ADRES 


PCLATH 


INTCON 


36 
General 
purpose 
registers 
(SRAM) 


• 
Not a physical register 


1119 Unimplemented data memory locations; reads as 'O's 
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Direct Addressing 


RP1 
RPO 
6 
from opcode 
0 
CDITIIIITI 
~ 


page select 
location select 
~ 


\_-------~ 
00 


Indirect Addressing 


IRP 
7 
(FSR) 
0 
0= 


page select 
J-- 
01 
10 
11 ..-J 


00 
• 


noIused 


Filename 
Bit 7 
Bit 6 
I 
BitS 
I 
B~4 
I 
Bit 3 
I 
B~2 I 
Bit1 I 
B~O 
Value 
on power 
on reset (Note 3) 


f!IllUl; 


00 
INDO 
Uses contents 
of FSR to address 
data memory 
(not a physical 
register) 
00000000 


01 
TMRO 
8 B~ Real Time clock counter 
xxxxxxxx 


02 
Pel 
low 
order 8 bits of PC 
00000000 


03 
STATUS 
IRP 
I 
RP1 
I 
RPO 
I 
TO 
I 
PO 
I 
z 
I 
DC 
I 
C 
00011xxx 


04 
FSR 
Indirect data memory. 
address 
pointer 0 
XXXXXXXX 


05 
PORTA 
I 
IRA4ITOCKII RA3IAINaNREFIRA2IAIN2IRA1/AIN11 
RAOIAINC 
XXXXXXXX 


06 
PORTB 
RB7 
RB6 
I 
RBS 
I 
RB4 
I 
RBJ 
I 
RB2 
I 
RB1 
I RBOIINT 
XXXXXXXX 
< 
01'>\ 
./.. 
Not 


08 
ADCONO 
ADCS1 
ADCSO I 
I 
CHSI 
I 
CHSO 
POIDONEI 
ADIF 
I 
ADON 
00000000 


09 
ADRES 
8-Bit AID resu" 
register 
XXXXXXXX 


OA 
PeLATH 
Holding 
register 
for high byte of PC (Note 1) 
---00000 


OB 
INTCON 
GIE 
I 
ADIE 
I 
TOlE 
I 
INTE 
I 
RBIE 
I 
TOIF 
I 
INTF 
I 
RBIF 
ooooooox 


fagtl; 


80 
INDO 
MAPPED 
IN PAGE 0 


81 
OPTION 
RBPU 
I 
INTEDG I 
RTS 
I 
RTE I 
PSA 
I 
PS2 
I 
PS1 I 
PSO 
11111111 


82 
Pel 
Mapped 
in page 0 


83 
STATUS 
Mapped 
in paae 0 


84 
FSR 
Mapped 
in page 0 


85 
TRISA 
PORTA 
(105) data direction 
reaister 
- 
11111 


86 
TRISB 
PORTB 
(106) data direction 
register 
11111111 


87 
Not' 


88 
ADCON1 
- 
I 
- 
I 
I 
- 
I 
I 
- 
I 
PCFG1 
I 
PCFGO 
------00 


89 
ADRES 
Mapped 
in paae 0 


SA 
PCLATH 
Mapped 
in paQe 0 


8B 
INTCON 
Mapped 
in page 0 


x = unknown 


Notes: 
u = unchanged 


1. 
The upper byte 01the program 
counter 
is not directly 
accessible. 
PCLATH 
is a holding 
register 
for PC<15:8> 
whose contents 
are 
updated 


from or transfered 
to the upper byte of the program 
counter. 
2. 
The reset values 
of the special function 
register 
depend 
on the type of reset. 
See Table 4.1. 


3. 
Special 
function 
registers 
are reset to different 
values 
under 
certain 
conditions. 
Refer 
to Figure 
4.1 for details. 
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3.7.1 REGISTER FILE ADDRESSING MODES 


The register file can be addressed directly or indirectly. 
In both modes, up to 512 register locations can be 
addressed. 


Direct addressing mode: 
An effective 9-bit direct ad- 
dress is obtained by concantenating 
7-bits of direct 


address from the opcode and 2-bits (RP1, RPO)from the 
STATUS register<6,5> as shown in Figure 3.5. 


Indirect addressing mode: Indirect addressing is pos- 
sible by using file address DOh. Any instruction using 
INOFas file register actually accesses data pointed to by 
the file select register, FSR (address 04h). 
Reading 


INDF itself indirectly will produce DOh. Writing to INDF 
indirectly results in a no-operation (although status bits 
may be affected). An effective 9-bit address is obtained 
by concantenating the 8-bit FSR register and the IRP bit 
from the STATUS register<7> as shown in Figure 3.5. 


Please note that some special function registers are 
mapped in page 1. It will be necessary to set RPObit to 
address them. Both RP1 and IRP bits are essentially not 
used. 


For convenience, 
the general purpose registers are 


mapped both in page 0 and page 1. 


3.8 Indirect Addressing 
Register (INOE) 


It is not a physical register. Addressing INOF will cause 
indirect addressing. 
See Sections 3.7.1 and 3.7.1.1 for 
details. 


38.1 
TMRO 


8-Bit Real Time Clock Counter 


See Section 5.4 for details. 


3.8,2 PCL 


Low order 8-bits of the PC 


See Section 3.5 for details. 


3.9 STATUS Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for data 
memory. 


The STATUS register can be destination for any instruc- 
tion like any other register. However, the status bits are 
set following the write operation (04). 
Furthermore, TO 


and PO bits are not writable. Therefore, the result of an 
instruction with STATUS register as destination may be 
different than intended. 
For example, CLRF STATUS 
will clear the upper three bits and set the Z bit. This 
leaves 
the 
status 
register 
as 000UU1UU 
(where 
U = unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions 
are used to alter the STATUS 


registers because these instructions do not affect any 
status bit. 


For other instructions, affecting any status bits, see the 
section 'Instruction Set Summary' (Section 4.0) 


3.9.1 CARRY{89RROW 
AND DIGIT CARRyt 


BORROW BITS 


The carry bit (C) is a cal1¥-!1U1-inaddition operations 
(ADDWF, ADDLW) and a borrow out in subtract opera- 
tions (SUBWF, SUBLW). 
The following examples ex- 
plain operation of carrytborrow bit: 


;SUBLW 
Example 
il 


;wreg=l 
;wreg= 
2-wreg 
= 2-1=1 


iCarry:l: 
result 
is positive 


;wreg=2 
;wreg=1-wreg=1-2=FFh 
iCarry=O: 
Result 
is negative 


c1rf 
movlw 
subwf 


Ox20 
1 
Ox20 


;f (20h)=0 
;wreg=l 
;f(20h)=f(20h)-wreg=0-1=FFh 


iCarry=O:Result 
is negative 


;SUBWF 
Example 
i2 
mov1w 
OxFF 
movwf 
Ox20 
c1rw 
subwf 
Ox20 


;f(20h)=FFh 
;wreg=O 
;f(20h)=f(20h)-wreg=FFh-0=FFh 
iCarry=l: 
Result 
is positive 


The digit caIQLOP.eratesin the same way as the carry bit, 
Le.: it is a borrow in subtract operations. 


3.9.2 TIME OUT AND POWER DOWN STATUS 
BITS (TO. PO) 


The TO and PO bits in the STATUS register can be 
tested to determine 
if a RESET condition has been 
caused 
by a Watchdog 
Timer timeout, 
a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or Ma..R pin. 


These status bits are only affected by events listed in 
Table 3.2. 


TABLE 3.2· 
EVENTS AFFECTING POITO 
STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 
WDTTimeout 
0 
U 
No effect on PO 
SLEEP instruction 
1 
0 
CLRWDT instruction 
1 
1 


U: unchanged 


Note: 
A WOT timeout 
will occur regardless 
of the status of the TO 
bit 
A SLEEP instruction 
will be executed. 
regardle'!!2f 
the 
status of the PO bit. Table 3.2 reflects the status of PO and 
TO after the corresponding 
event. 
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ADDRESS: 
03h 
RESET CONDmON: 
OOO??XXX 
TO, PD are set or reset as shown in Table 3.1 


CARRYIBORROW 
BIT: 
For ADDWF, 
SUBWF 
, ADDLW 
and SUBLW 
instructions, 
this bit is set if there is a carry out from the most significant 
bit of the resultant. 
Note 
that 
a subtraction 
is executed 
by adding 
the two's 
complement 
of the second operand. 
For rotate (RRF, RLF) 
instructions, 
this bit is loaded 
with either 
the high or low 
order bit of the source register. 


DIGIT CARRYIBORROW 
BIT: 
For ADDWF, 
SUBWF 
, ADDLW 
and SUBLW 
instructions, 
this bit is set if there is a carry out from the 4th low order bit 
of the resultant. 


ZERO 
BIT: 
Set if the resu~ of an arithmetic or logic operation is zero. 
Reset otherwise. 


POWER DOWN 
BIT: 
Set to "1" durin2 power up or by a CLRWDT command. 
This 
bit is reset to"O 
by a SLEEP instruction. 


TIME-OUT 
BIT: 
Set to "1" during power up and by the CLRWDT 
and SLEEP 
command. 
This bit is reset to "0" by a watchdog 
timer time 
out. 


'--------------- 
REGISTER 
PAGE SELECT BITS FOR DIRECT 
ADDRESSING: 


RP1,O: 
00: 
page 0 lOOh- 7Fh) 
01 
: page 1 SOh - FFh) 
10 : page 2 
100h - 17Fh) 
11 : page 3 (1SOh-1FFh) 
Each page is 128 bytes. 
Only RPO is useful in PIC16C71. 
Bit RP1 can be used as a 
general 
purpose 
read/write 
bit. 
However, 
this may affect 
upward compatibility with future products. 


REGISTER 
PAGE 
SELECT 
BITS 
FOR 
INDIRECl 
ADDRESSING: 
IRP: 
0 
: page 0,1 (ooh - FFh) 
1 : page 2,3 (100h -1FFh) 
This bit is effectively not used in the PIC16C71. 
It 
may 
be 
used 
as 
a 
general 
purpose 
read/write 
bit 
However, 
this may affect 
upward 
compatibility 
with future 
product. 


TO 
PO 
RESET was caused by 


0 
0 
WOT wake-up from SLEEP 
0 
1 
WOT timeout (not during SLEEP) 


U 
0 
MC[R wake up from SLEEP 
1 
1 
Power-up 


U 
U 
MC[R reset during normal operation 
u: unchanged 


Note: 
The PO and TO bit maintain their status until an event 01 


Table 3.2 occu~A 
Iow~lS9 
on the ~ 
input does 
not change 
the PO and TO status bits. 


3.10 Arithmetic and Logic Unit lALU) 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. 
Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. 
In two-operand 
instructions, 
typically one 
operand is the working 
register (W register) or the 
accumulator. 
The other operand is a file register or an 
immediate constant. In single operand instructions, the 
operand is either the W register or a file register. 


3.11 W Register 


The W register is an 8-bit working register (or accumu- 
lator) used for ALU operations. 
It is not an addressable 
register. 


[¥) [f@ ~0[M) 0[fi)@[fW 
2-336 


3.12 Interrupts 


The PIC16C71 has four sources of interrupt: 


• 
Extemal interrupt from RBO/INT pin 


• 
TimerO timer/counter overflow interrupt 


• 
End of conversion interrupt from AID module 


• 
Interrupt on change on RB<7:4> pins 


The interrupt control register(INTCON, addrOBh) records 
individual interrupt requests in flag bits. 
It also has 
individual and global enable bits. The AID conversion 
completion interruptflag (ADIF) resides intheADCON<1 > 
register. 


A global interrupt enable bit, GIE (INTCON<7» 
enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 


The RETFIE instruction allows user to retum from inter- 
rupt and enable interrupt at the same time. 


The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the retum address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine, the source(s) of the inter- 
rupt can be determined by polling the interrupt flag bits. 
The interrupt flag bit(s) must be cleared in the software 
before re-enabling interrupts to avoid recursive inter- 
rupts. 


3.12.1 
INT INTERRUPT 


Extemal interrupt on RBO/INT pin is edge triggered: 
either rising (if INTEDG = 1, OPTION<6» 
or falling (if 
INTEDG = 0). When a valid edge appears on INT pin, 
INTF bit is set (INTCON<1». 
This interrupt 
can be 
disabled by setting INTE control bit (INTCON<4» 
to '0'. 
INTF bit must be cleared in software in the interrupt 
service routine before re-enabling this interrupt. 
The 
INT interrupt can wake up the processor from SLEEP if 
INTE bit was set prior to going into SLEEP. The status 
of the GIE bit decides whether or not the processor 
branches to the interrupt vector following wake-up. See 
section 5.5 for details on SLEEP and Figure 4.11 for 
timing of wake-up from SLEEP through INT interrupt. 


RBIF 
RBIE 


GIE 
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An overflow (FFh --t OOh)in the TMRO will set the TOIF 
(INTCON<2» 
bit. 
The interrupt can be enabled/dis- 
abled by setting/clearing TOlE (INTCON<S» 
bit. 
See 
Section 6.4 for details. 


3.12.3 PORT RB INTERRUPT 


An input change on PORTB <7:4> will set the RBIF 
(INTCON<O» 
bit. 
The interrupt can be enabled/dis- 
abled by setting/clearing RBIE (INTCON<4» 
bit. See 
Section 6.2 for details. 


3.12.4 
AID INTERRUPT 


The AID converter sets the end of conversion interrupt 
flag, ADIF (ADCON<1 » when a conversion is complete. 
The interrupt can be disabled 
by clearing ADIE bit 


(INTCON<6». 
See Section 6.6 for details on AID 


interrupt. 


GIEbit 


(INTCON 
<7» 


INSTRUCTIONflOW 


PC 


Ins:::{ 


During an interrupt, only the retum PC value is saved on 
the stack. 
Typically, 
users may wish to save key 


registers during an interrupt e.g. W register and status 
register. This will have to be implemented in software. 


EXAMPLE 3-1: SAVING W REGISTER AND 
STATUS IN RAM 


Noles: 
1. INTF flag I. sampled here (.-yOI) 
2. IntsmJpllalency 
& 3 -. 
Toy -.. 
Toy.1nslruction 
cycle time. 


Latency Is the same _ 
Ins! (PC) Is • sIngIo cycle '" • 2-<:ycle 
Instruction. 


3. ClKOUT Is._ 
only In RC osdIlalO<mode• 


•. For minimum _ 
spac cliNT poIsa. rafer to At;; spacs. 


5. INTF Is enblad 10ba sat anytime OOtingthe 04-01 cycles. 
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Address: 
OBh 
ANI: 
Readable & 
writable 
Power on reset 
R: 
Read only 
value:סס oo OOOXb U: 
Unused, 
read as '0' 


RB port change interrupt flag 
Set when RB<7:4> inputs 
change. 
Reset in software 


INT interrupt flag 
Set when INT interrupt occurs 
Reset in software 


TMRO overflow interrupt flag 
Set when TMRO overflows 
Reset in software 


RBIF interrupt enable bit 
RBIE = 0: disables RB port change interrupt 
RBIE = 1: enables RB port change interrupt 


INT interrupt enable bit 
INTE = 0: disables INT interrupt 
INTE = 1: enables INT interrupt 


TMRO interrupt enable bit 
TOlE = 0: disables TMRO interrupt 
TOlE = 1: enables TMRO interrupt 


AID conversion 
interrupt enable bit 
ADIE = 0: Disable AID interrupt 
ADIE = 1: Enable AID interrupt 


Global interrupt enable 
o = Disable global interrupt 
1 = Enable global interrupt 
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What sets a microcontroller apart from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16C71 has a host of such features 
intended to maximize system reliability, minimize cost 
through elimination of extemal components, provide power 
saving operating modes and offer code protection. 


The PIC16C71 has a Watchdog Timer which can be shut 
off only through EPROM fuses. 
It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscilla- 
tor Start-up Timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
Power-up Timer (PWRT), which provides a fixed delay of 
72ms (nominal) on power-up only, designed to keep the 
part in reset while the power supply stabilizes. With these 
two timers on chip, most applications need no external 
reset circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, Watchdog Timer timeout orthrough 
an interrupt. 
Several oscillator options are also made 
available to allow the part to fit the application. 
The RC 
oscillator option saves system cost while the LP crystal 
option saves power. A set of EPROM configuration bits 
(fuses) are used to select various options (Section 4.6). 


The PIC16C71 differentiates between various kinds of 
reset: 


a) 
Power-On Reset (PaR) 


b) 
MCLR Reset during nonnal operation 


c) 
MCLR reset during SLEEP 


d) 
WDT timeout reset during nonnal operation 


e) 
WDT timeout reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on paR and unchanged in any 
other reset. 
Most other registers are reset to a "reset 
state" on Power-On Reset (paR), 
on MCLR or WDT 
reset during normal operation and on MCLR reset during 
SLEEP. 
They are not affected by a WDT reset during 
SLEEP, since this reset is viewed as the resumption of 
normal operation. 
There are a few exceptions J2-this. 


The PC is always resetto all O's(OOOOh).Finally, TO and 
PD bits are set or cleared differently in different reset 
situations as indicated in Section 3.9.1. These bits are 
used in software to determine the nature of reset. See 
Table 4.1 for a full description of reset states of all 
registers. 


4.2 Power-On Reset (POR). Power-up Timer 
(PWRD and Oscillator Start-up Timer (OSD 


Power-On Reset (paR): 
A Power-On Reset pulse is 
generated on-chip when Voo rise is detected (in the 
range of 1.2V - 1.8V). To take advantage of the paR, 
just tie MCLR pin directly (or through a resistor) to Voo. 
This will eliminate 
extemal 
RC components 
usually 
needed to create Power-On Reset. 


POWER_UP'PWRTE 
(Enable 
the 
PWRT 
timer 
~~~~ 
;~~:~~)p 
and 


(POWER_UP +WAKE_UP) (XT + LP + HS) 
(Enable 
the OST 
if it is power_up 
or wake_up 
from SLEEP and OSC type is XT, HS, or LP) 
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Register 
Address 
Power-on reset 
WDTtime-out 
WDTtime-out 
MCLRreset 
MCLR reset 
Wake-up 
(POR) 
reset during 
reset during 
during normal 
during SLEEP 
through 
normal operation 
SLEEP 
interrupt 


W 
- 
xxxx xxxx 
uuuu 
uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu 
uuuu 
uuuu uuuu 


INDIR 
OOh 
- 
- 
- 


TMRO 
01h 
xxxx xxxx 
uuuu uuuu 
uuuu 
uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu 
uuuu 


PC 
02h 
OOOOh 
OOOOh 
PC 
+ 1 
OOOOh 
OOOOh 
PC + 1 


STATUS 
03h 
0001 lxxx 
0000 luuu 
uuuO 
Ouuu 
OOOu uuuu 
OOOu Ouuu 
uuul 
Ouuu 


FSR 
04h 
xxxx xxxx 
uuuu 
uuuu 
uuuu 
uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 


PORTA 
OSh 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 


PORTB 
06h 
xxxx xxxx 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu 
uuuu 
uuuu uuuu 


TRISA 
8Sh 
---1 1111 
---1 1111 
---u uuuu 
---1 1111 
---1 1111 
---u uuuu 


TRISB 
86h 
1111 1111 
1111 1111 
uuuu uuuu 
1111 1111 
1111 1111 
uuuu 
uuuu 


OPTION 
81h 
1111 1111 
1111 1111 
uuuu uuuu 
1111 1111 
1111 1111 
uuuu uuuu 


ADCONO 
08h 
0000 0000 
0000 0000 
uuuu uuuu 
0000 0000 
0000 0000 
UUUU 
UllUU 


ADCON1 
88h 
---- --00 
---- 
--00 
---- 
--uu 
---- 
--00 
---- 
--00 ---- 
--Ull 


ADRES 
09h 
xxxx xxxx 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 


PCLATH 
OAh 
---0 0000 
---0 0000 
---u uuuu 
---0 0000 
---0 0000 
---u uuuu 


INTCON 
OBh 
0000 OOOx 
0000 
OOOu 
uuuu 
uuuu 
0000 OOOu 
0000 0000 
uuuu uuuu* 


Legend: 
- = unimplemented, 
reads as '0' 
u = unchanged 
x= unknown 
.In the event of wake-up 
through 
interrupt, 
one or more of the interrupt 
flags will be set. 


Other bits in INTCON 
will remain unchanged. 


The POR circuit does not produce internal reset when 
voo declines (or goes through a brown-out). 


Power-up Timer (PWRD: 
The Power-up Timer pro- 
vides a fixed 72ms time-out on power-up only, from 
POR. The Power-up Timer operates on an internal RC 
oscillator. The chip is kept in reset as long as PWRT is 
active. 
The PWRT delay allows the Voo to rise to an 
acceptable level. 
A configuration fuse, PWRTE can 
enable (if = 1) or disable (if = 0 or programmed) the 
Power-up Ttimer (Section 4.6). 


The power-up time delay will vary from chip to chip due 
to Voo and temperature. See DC parameters for details. 


Oscillator Start-up Timer (OSD: The Oscillator Start-up 
Timer (OST) provides 1024 oscillator cycle (from OSC1 
input) delay after the PWRT delay is over. This guaran- 
tees that the crystal oscillator or resonator has started 
and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 


Time-out 
Seauence: 
On power-up the time-out se- 


quence is as follows: First PWRT time-out is invoked 
after POR has expired. Then OST is activated. The total 
time-out will vary based on oscillator configuration and 
PWRTE fuse status. 
For example, in RC mode with 
PWRTE setto '0' (PWRT disabled), there will be no time- 
out at all. 
Figures 4.2 and 4.3 depict time-out se- 


quences. 


Since the time-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. 
Then 
bringing MCLR high will begin execution immediately. 
This is useful for testing purposes or to synchronize 
more than one PlC16C71 operating in conjunction. 


TABLE 4.2 - TIME-OUT IN VARIOUS 
SITUATIONS 


Oscillator 
Power-up 
Wake up from 
Configuration PWRTE=1 
PWRTE=O 
SLEEP 


XT, HS, LP 
72ms+ 
1024 tosc 
1024tosc 
1024 tosc 
RC 
12ms 
- 
- 
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FIGURE 4.5 - EXTERNAL POWER ON RESET 
CIRCUIT (FOR SLOW Voo 
POWER UP) 


Notes: 
1. 
Extemal 
power on reset circuit is required only if 
Voo power-up slope is too slow. The diode 0 helps 
discharge the capacitor quickly when VOO powers 
down. 


2. 
R < 40Kn 
is recommended 
to make sure that 
voltage drop across R does not exceed O.2V (max 
leakage current spec on MCLR pin is 5jJ.A). A larger 
voltage drop will degrade VIH level on MCLR pin. 


3. 
R1 = lOOn to 1Kn will limit any current flowing into 
MCLR from extemal 
capacitor 
C in the event of 
MCLR pin breakdown 
due to ESD or EOS. 


FIGURE 4.6 - BROWN OUT PROTECTION 
CIRCUIT 1 


Voo 


33K 


Notes: 
1. 
This circuit 
will activate 
reset when 
VOO goes 
below f:lz + O.7V) where Vz = Zener voltage. 


FIGURE 4.7 - BROWN OUT PROTECTION 
CIRCUIT 2 


Notes: 
1. 
This brown circuit is less expensive, 
albeit less 
accurate. 
Transistor 
01 tums off when voo is 
below a certain level such that: 


VOO' --B1- = 0 7V 
R1 +R2 
.. 


The Watchdog Timer is realized as a free running on- 
chip RC oscillator which does not require any eX1emal 
components. That means that the WDT will run, even if 
the clock on the OSC1 and OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. 
The WDT can be permanently disabled by 
programming 
the configuration 
fuse WDTE as a '0' 
(Section 4.6). 


4.3.1 WDT PERIOD 


The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, Voo and process variations from part to part (see 
DC specs). 
If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 


The 'CLRWDT" 
and 'SLEEP' 
instructions 
clear the 
WDT and the prescaler, if assigned to the WDT, and 
prevent 
it from timing out and generating 
a device 
RESET condition. 


The status bit TO in the STATUS register will be cleared 
upon a Watchdog Timer time-out. 


4.3.2 WDT PROGRAMMING CONSIDERATIONS 


In a noisy application environment the OPTION register 
can get corrupted. 
The OPTION register should be 
updated at regular intervals. 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 


4.4.1 OSCILLATOR TYPES 


The PIC 16C71 can be operated in four different oscilla- 
tor options. The user can program two configuration bits 
(FOSC1 and FOSCO)to select one of these four modes: 


• 
LP 
Low Power 
• 
XT 
Crystal 
HS 
High Speed 
RC 
Resistor/Capacitor 


In XT, HS, or LP modes a crystal or ceramic resonator 
is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 4.8). 
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Oscillator 
Resonator 
Capacitor 
Range 
Type 
Frequency 
C1 =C2 


XT 
455 KHz 
150 - 330 pF 
2.0 MHz 
20 - 330 pF 
4.0 MHz 
20 - 330 of 
HS 
8.0 MHz 
20 - 200 pF 


Higher 
capacitance 
increases 
the 
stability 
of oscillator 
but also 


increases 
the start-up time. 
These values 
are for design guidance 


only. 
Since each resonator 
has ~s own characteristics. 
the user 


should consutt the resonator 
manufacturer 
for appropriate 
values of 


extemal 
components. 


FIGURE 4.8· 
CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 


Osc 
Freq 
C1 
C2 


Type 


LP 
32 KHz 
15 pF 
15 pF 


100 KHz 
15 pF 
15 pF 


200 KHz 
15 of 
15 OF 


XT 
100 KHz 
15-30pF 
200 - 300 pF 


200 KHz 
15-30pF 
100 - 200 pF 


455 KHz 
15 - 30 pF 
15 - 100 pF 


1 MHz 
15-30pF 
15-30pF 


2 MHz 
15 pF 
15 pF 


4MHz 
15 pF 
15 pF 


HS 
4MHz 
15 pF 
15 pF 


8MHz 
15 pF 
15 pF 


16 MHz 
15 pF 
15 pF 


Higher 
capac~ance 
increases 
the stability 
of oscillator 
but also 


increases 
the start-up time. 
These values 
are for design guidance 


only. 
Rs may be required in HS mode as well as XT mode to avoid 


overdriving 
crystals 
~h 
low drive 
level specification. 
Since 
each 


crystal 
has ~s own 
characteristics. 
the user 
should 
consutt 
the 


crystal 
manufacturer 
for appropriate 
values 
of external 
compo- 


nents. 


FIGURE 4.9 - EXTERNAL CLOCK INPUT 


OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


Clock from ext. 
~ 
OSC1 


system 
-----v- 
- 
PIC16C71 
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4.4.3 RC OSCILLATOR 


For timing insensitive applications the 'RC' device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values, and the operation 


temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 


capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external Rand 
C components 
used. 
Figure 4.10 shows how the RlC combination 
is con- 


nected to the PIC16C71. 
For Rext values below 2.2 


kOhm, the oscillator operation may become unstable, or 
stop completely. 
For very high Rext values (e.g. 1 


MOhm), the oscillator becomes sensitive to noise, hu- 
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, 
the oscillation frequency 


can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


PIC16C71 


See the table in Section 10.0 for RC frequency variation 
from part to part due to normal process variation. 
The 


variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 


See the characteristics 
in Section 9.0 for variation of 


oscillator frequency due to Voo for given RexVCext 
values as well as frequency variation due to operating 
temperature for given R, C, and Voo values. 


The oscillator frequency, divided by 4, is available on the 
OSC2ICLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3.1 for timing). 


FIGURE 4.10· 
RC OSCILLATOR (RC TYPE 
ONLY) 


cextI 
Vss -= 
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The power down mode is entered by executing a SLEEP 
instruction. 


If enabled, the Watchdog Timerwill be cleared but keeps 
running, the bit PD inthe STATUS register iscleared, the 
TO bit is set, and the oscillator driver is tumed off. The 
1/0 ports maintain the status they had, before the SLEEP 
command was executed (driving high,low, or hi-imped- 
ance). 


For lowest curent consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no extemal circuitry 
drawing current from the 1/0 pin. 1/0 pins that are in the 
High-Z mode should be pulled high or low extemally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PORTS should be considered. 


The MClR 
pin must be at a logic high level (VIHMC). 


It should be noted that a..BESET generated by a WDT 
time out does not drive MClR 
pin low. 


4.5.1 WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of the 
following events: 


a. Extemal reset input on MClR 
pin 


b. Watchdog timer timeout reset (if WDT was enabled) 


c. Interrupt from INT pin, RS port change or AID con- 
verter. 


The first event will cause a device reset. The two latter 
events are considered a continuation of program execu- 
tion. The TO and PD bits in the STATUS register can be 
used to determine the cause of device reset. 
PO bit, 


which is set Q!LPower-up is cleared when SLEEP is 
invoked. The TO bit is cleared if WDTtime-out occurred 
(and caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. 
For the device to 


wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless olthe state olthe GIE bit. lithe GIE bit is clear 
(disabled), the device continues execution althe instruc- 
tion after the SLEEP instruction. 
If the GIE bit is set 


(enabled), the device executes the instruction after the 
SLEEP 
instruction and the branches to the interrupt 


address (OOO4h). In cases where the execution of the 
instruction following 
SLEEP is not desirable, the user 


should have a NOP after the SLEEP instruction. 


MOtet 
ti~ gf06a[lraterropt$'~ 
dlsat:»ed (Gli;ls 


creared), bUtany Interrupt source has both 
Its interrupt enable 
bit and theoorrespond- 


Ing interrupt flag bits set, the device will 
Immediately 
wake from sleep. 


The WOT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 


PfOO8S8O( 
in 
: 


SlEEP 
: 


+2 


N"""" 
1. XT, HS or LP oeciIIat()(mode 
assumed 


2. tost. 1024 lose (drawing 
not 10acaJe). This delay wil not be thefe for RC 08C mode. 


3. GIE - 1 assumed. 
In this case after wake up processor jumps to intenupt routine. 


If GIE - O.execution wil continue 
in line. 


4. CU<OOT is not available 
in theM 
08C modes. 
bullhown 
heAl for timing refeA!lnCe. 


~[f®~ 
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4.6 Configuration 
Fuses 


The PIC16C71 has five configuration fuses which are 
EPROM bits. These fuses can be programmed (reads 
'0') or left unprogrammed 
(reads '1') to select various 


device configurations. 
These bits are mapped in pro- 


gram memory location 2007h. 


The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
tesVconfiguration memory space (2000h -3FFFh). How- 
ever, through a special mode, this location can be 
accessed during programming. 


See the description of fuses in Figure 4.12. 


4.7 10 LOCATIONS 


The PIC16C71 has four 10 locations (2000h - 2003h) 
mapped in the test program memory for storing code 
revision number, manufacturing 
information 
or other 


useful information. As with the configuration word, these 
locations are readable and writable through a program- 
mer. 
They are not accessible 
during normal code 


execution. 


If the chip is code protected, it is recommended that the 
user uses only the lower seven bits of the 10 locations 
and program the higher seven bits as '1'. This way the 
10 locations will be readable even after code protection. 


4.8 Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuse (CP). 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 
In addition, all memory 


locations starting at OO40h and above are protected 
against programming. 


It is still possible to program locations OOOOh-003Fh, the 
10 locations and the configuration fuses. 
lnote:~==~:::.810bK$canstilil 


4.8,1 VERIFYING A COOE-PROTECTEO PIC16C71 


When code protected, verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOxxxxxxx'(binary) where X is 1 or O. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 


protecting it. 


b. Next, blow its code protection fuse and then load its 


contents in a file. 


c. Verify any code-protected PIC16C71 against this file. 


I CP I PWRTE IWOTE IFOSC11 FOSCO IAddr: 2007h 


OSC selection fuses: 
FOSC1, FOSCO: 
00: LP oscillator 
01: XT oscillator 
10: HS oscillator 
11 : RC oscillator 


WOT enable fuses' 
WOTE = 1: WOT enabled 


WOTE = 0: WOT disabled 


Power-up timer enable fuse: 


PWRTE = 1 power-up time enabled 
PWRTE = 0 power-up timer disabled 


Code protection fuse: 
CP = 1 
code protection off 


CP = 0 
code protection on 


Unimplemented. 
Read as 'l's. 
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The PIC16C71 has 13 I/O pins organized as two I/O 
ports, PORTA (5 bit) and PORTS (8-bit). It has an 8-bit 
timer/counter 
(RTCC) 
with 
a programmable 
8-bit 
prescaler and an analog to digital converter module. 
The AID converter has up to four analog inputs, intemal 
or extemal reference, 8-bit resolution and a typical20jls 
conversion time. 


PORTA is a 5-bit wide port with pins RAO - RA4. Port 
pins RA<3:0> are bidirectional 
whereas 
RA4 has a 
open-collector output. 
PORTA is file register 05h. 
Its 
corresponding direction control registerTRISA ismapped 
in page 1 of register file at address 85h. TRISA is a five- 
bit wide register with bits <4:0>. Referto Figure 5.1 and 
Figure 5.2 for block diagrams of PORTA pins. 


Pins RA<3:0> are multiplexed with analog input chan- 
nels AIN3 - AINO. Pin RA3 is further multiplexed with 
extemal reference voltage VREFfor the AID. Two bits in 
control register ADCONl 
(file register 88h) are used to 


configure these pins as digital (Le. port) or analog pins. 
When configured as analog inputs, these pins will read 
as '0'5. Upon power-on reset, RA<3:0> are configured 
as analog inputs. 


RA4 should be tied to either Voo or Vss in order to 
present excessive current being drawn by a floating 
Schmitt trigger input (see Figure 5.2). 


Port Pin 
Bit 


RAOIAINO 
bitO 


RA1/AINl 
bit1 


RA2IAIN2 
bit2 


RA3IAIN3IVREF 
bit3 


Alternate 
Function 


Analo 
ut channel 0 


Analo 
ut channel 1 


Analo 
ut channel 2 


Analog input channel 3 or external 
reference volta e in ut VREF 


External clock input for TMRO timer/counter 
Input/output port. Output is open 
collector type. 
Input is Schmitt trigger type. 


Register 
Name 
Function 
Address 
Power-on Reset Value 


PORTA 
PORTA pins when read 
05h 
---x 
xxxx 


PORTA latch when written 


TRISA 
PORT A data direction register 
85h 
---1 
1111 


ADCON1 
AID converter control register 
88h 
---- 
--00 


Notes: 
1: 
x = unknown, 
• = unimplemented, 
reads as a '0'. 
2: 
Forresetvaluesofregistersinotherresets~uationsrefertoTable4.1. 
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Data 
bus 
0 
Q 


·WR 
PORr 
CKt 


0 


"WR 
TRIS· 
CKt 


PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A '1' in TRISB sets the corre- 
sponding port pin as an input. Reading PORTB register 
reads the status of the pins whereas writing to it will write 
to the port latch. 
See Figures 5.3 and 5.4 for block 


diagrams of PORTB pins. 


Each of the PORTB pins has a weak internal pull-Up 
(-25Ov-A typical). 
The weak pull-up is automatically 


turned off if the port pin is configured as an output. 
Furthermore, bit RBPU (OPTION<7»can 
turn off (RBPU 


is set) all the pull-ups. 
The pull-ups are disabled on 


power on reset. 


PORTB has an interrupt on change feature on four of its 
pins, RB<7:4>. When configured as input, the inputs on 
these pins are sampled and latched every 01. The new 
input is compared with the old latched value in every 
instruction cycle. An active high output is generated on 
mismatch between the pin and the latch. 
The "mis- 
match" outputs of RB4, RB5, RB6 and RB7 are OR'ed 
together to generate 
the RBIF interrupt 
(latched 
in 


INTCON<O». 
Any pin configured as output is excluded 


from the comparison. 
This interrupt can wake the chip 


up from SLEEP. 
The user, in interrupt service routine 


can clear the interrupt in one of two ways: 


a) Disable the interrupt byclearing RBIE (INTCON<3» 


bit. 


b) Read PORTB. 
This will end mismatch condition, 
then clear RBIF bit. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. 


Finally, port pin RBO is multiplexed with external inter- 
rupt input INT. 


FIGURE 5.3 - BLOCK DIAGRAM OF 
PORT PINS RB<7:4> 


Note: 
1. Portlatch::z 1 andTRISB::o: 
1 enablesweakPlAf-upif 


ABPU = 0 in OPTION 
register. 


2. 
IJO pins have diode protection 
to Voo and Vss. 


FIGURE 5.4 - BLOCK DIAGRAM OF 
PORT PINS RB<3:0> 


RBPU 


Data bus 
0 
Q 


"WR Port· 
CKt 


0 
Q 


CKt 


"WR TRIS' 


Notes: 
1. DDR = 1 enables weak pull-up if 
RBPU = 0 in OPTION register. 
2. va pins have diode protection to voo and Vss. 
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Port Pin 
Bit 
Pin Function 
Alternate Function 


RBOIINT 
bitO 
InpuVoutput port pin. TIL 
input levels and intemal 
Extemal interrupt input 


software programmable weak pull-up 
(Schmitt Trigger) 


RB1 
bitl 
InpuVoutput port pin. TIL input levels and intemal 
- 
software programmable weak pull-up 


RB2 
bit2 
InpuVoutpu1 port pin. TIL 
input levels and intemal 
- 
software programmable weak pull-up 


RB3 
bit3 
InpuVou1pu1port pin. TIL 
input levels and intemal 
- 


software programmable weak pull-Up 


RB4 
bit4 
Input/outpu1 port pin. TIL 
input levels and intemal 
Interrupt on port change 


software programmable weak pull-up 


RB5 
bit5 
InpuVoutput port pin. TIL 
input levels and intemal 
Interrupt on port change 
software programmable weak pull-up 


RB6 
bit6 
InpuVoutpu1 port pin. TIL 
input levels and intemal 
Interrupt on port change 


software programmable weak pUll-Up 


RB? 
bit? 
Input/output port pin. TIL 
input levels and intemal 
Interrupt on port change 
software programmable weak pull-up 


Register Name 
Function 
Address 
Power-on Reset Value 


PORTB 
PORTB pins when read 
06h 
xxxx 
xxxx 


PORTB latch when written 


TRISB 
PORTB data direction register 
86h 
1111 
1111 


OPTION 
Weak pull-up on/off control (RBPU bit) 
81h 
1111 
1111 


See Figure 5.12 
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5.3 
VO PROGRAMMING CONSIDERATIONS 


5.3.1 BIDIRECTIONAL 
110 PORTS 


Some instructions operate intemally as read followed by 
write operations. 
The BCF and BSF instructions, for 


example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex- 
ample, a BSF operation on bit 5 of f6 (PORTB) will cause 
all eight bits of f6 to be read into the CPU. Then the BSF 
operation takes place on bit 5 and f6 is re-oulput to the 
outpul latches. If another bit of f6 is used as a bidirec- 
tionall/O pin (say bit 0) and it is defined as an input atthis 
time, the inpul signal present on the pin itself would be 
read into the CPU and re-written to the data latch of this 
particular pin, overwriting the previous content. As long 
as the pin stays in the inpul mode, no problem occurs. 
However, if bit 0 is switched into output mode later on, 
the content of the data latch may now be unknown. 


A pin actively outputting a '0' or '1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('Wired-or', 
'Wired-and'). 
The reSUltinghigh output currents may damage the chip. 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 


EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN I/O 
PORT 
Initial 
PORTsettings: 
PORTB<7:4> Inputs 
PORTB<3:0> Outputs 
PORTB<7:6> 
have external pull-up 
and are NC 


PORT latch 
PORT pins 
---------- 
---------- 


BCF 
PORTB, 7 
Olpp 
pppp 
llpp 
pppp 


BCF 
PORTB, 6 
lOpp 
pppp 
llpp 
pppp 


BSF 
STATUS, RPO 
BCF 
TRISB, 
7 
lOpp 
pppp 
llpp 
pppp 
BCF 
TRISB, 
6 
lOpp 
pppp 
lOpp 
pppp 


Note that 
the 
user 
may have expected 
the 
pin 
values 
to be OOpppppp. 
The 2nd BCFcaused RB7 
to be latched 
as 
the pin value 
(High). 


5.3.2 SUCCESSIYE 
OPERATIONS ON 110 PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5.5). 
Therefore, 
care must be exercised 
if a write 


followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is execuled. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate 
these 
instructions 
with a NOP or an other instruction 
not 


accessing this I/O port. 


R:~ 
R: 


Instruction 
, MOVWFPORTE 


fetched 
I Write to PORTE 
I 


~ 
PC+1 
~ 


I MOVF PORTE,W I 
Read PORTE 
I 
I 
I 
RB(7:0) 
~' 
~ 
I 


: 
: Tportpin 
I 


: 
I 
sampled 
here: 


~II~ 
Execute 
ITPO Execute 


I MOVWFPORTE I MOVF PORTB,W I 


This example shows write 
to PORTB followed by a 
read from PORTB. 
Note 


that the data setup time = 
(0.25 TCY • TPD) where 
TCY = instruction 
cycle. 


Therefore, at higher clock 
frequencies, write followed 
by 
a 
read 
may 
be 


problematic. 


[?) IT'®~ 0 ITiJi)0 [f\)@IT'W 
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The TMRO module timer/counter has the following fea- 
tures: 


a-bit timer/counter 
Readable and writable (file address 01h) 
a-bit software programmable prescaler 
Intemal or extemal clock select 
Interrupt on overflow from FFh to DOh 
Edge select for extemal clock 


Figure 5-6 is a simplified block diagram of the TMRO 
module. 


Timer 
mode 
is selected 
by clearing 
the 
RTS bit 
(OPTION<5». 
In timer mode. the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written. increment is inhibited for the following 


RTCC 
PINr 


QIVUlfU 
1I11oia ""'1 ..•.•. 
IIUII~ 
QII 
QUJu;;;Jn::oou 
'l'QIUC: 
LV 
UICi 
Ilv.r"lU 


module. 


Counter 
mode 
is selected 
by setting 
the 
RTS bit 


(OPTION<5». 
In this mode TMRO will increment either 


on every rising or falling edge of pin RA4ITOCKI. The 
incrementing 
edge is determined 
by control bit RTE 


(OPTION<4». 
Clearing the RTE bit selects the rising 


edge. 
Restrictions on the external clock input is dis- 


cussed in detail in Section 5.4.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by control bit. PSA (OPTION<3». 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. 
When the 


prescaler is assigned to the TMRO module. prescale 
value of 1:2. 1:4•...• 1:256 are selectable. 
Section 5.4.3 


details the operation of the prescaler. 


SYNC WITH 
IINTERNAL 
CLOCKS 


(2 CYCLE DELAY) 
SET TOIF 
INTERRUPT 


ON OVERFLOW 


PS2. PSI. 
PSO 
PSA 


Notes: 
1. 
B~s. RTE. RTS. PS2. PS1. PSO AND PSA are located in OPTION register. 


2. 
The prescaler is shared with Watchdog nmer 
(refer to Figure 7~ 
for detailed diagram). 


PC 
, at 
CI2I ca 
0": 
at 
CI2I ca 
0": 
at 
CI2I ca 
0": 
at 
CI2I ca 
0": 
at 
CI2I ca ex 
atC121 
ca 
0": 
at 
CI2I ca 
0": 
at 
CI2I ca 
0": 


~AAM' 
NTER) 
, 
« 
k 
« 
k 
~ 
PC-l 
PC 
PCt1 
PC.2 
PC±3 
PCt4 
PetS 
Pet6 
, 


INST. 
. 
MOVWFTMRO 
MOVFTMRO, 
W 
' 
MOVF TMRD. W 
I 
MOVFTMRO, 
W 
MQVF TMRO. W , 
MOVf 
TMRD. W , 
. 
, 
. 
, 
, 
, 


TMAO 
R[ 
ATt 11 
AT+21 
NRT I 
NRT I 
NRT 
NATtl I 
NRT+2 
G 


t 
t 
t 
t 
t 


WrileTMRO 
ReadTMRO 
RoadTMRO 
RoadTMRO 
RoadTMRO 
RoadTMRO 


""""'*>d 
readsNRT 
reads NRT 
readsNRT 
readsNRT 
+ 1 
reads 
NAT 
+ 2 


PC 
·~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~I~I~'~I~lmI~'~I~I~I~' 
I 
I 
I 
I 
I 
I 
, 
I 
I 


~~ 
~ 
PC-l 
Fe« 
PCt' 
PCt? 
k 
PC+3 
PC+4. 
PetS 
k 
Pet§ 


INST = 
, 
MOVWF 
TMAO 
: 
MOVF TMRO, W 
: 
MOVF TMRD, W: 
MOVF TMRO. W 
, 
MQVF TMAD, W: 
MQVF 
TMRO. W 
: 
, 


ATt' I 
ATt2 
NRT 
NRT 
NRTt 
1 
NRT +2 
NRT+3 G 


t 
. t 
t 
t 
t 


WrileTMRl 
RoadTMRO 
ReadTMRO 
RoadTMRO 
ReadTMRO 
, 
ReadTMRO 


executed 
roads NRT 
roadsNRT 
reactsNRT± 
1 
reads NRT + 2 
reads 
NAT + 3 


~[J®~ 
0mru 0[[iJ@[JW 
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4.5.1 TIMERQ (TMRQ) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh.This overflow 
sets the TOIF bit. 
The interrupt can be masked by 


clearing 
the TOlE bit (INTCON<5». 
The TOIF bit 


(INTCON<2» 
must be cleared in software by the TMRO 


module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt cannot wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. 
See Figure 5-9 for TMRO interrupt timing. 


4.5.2 Using TMRQ with external clock 


When extemal clock input is used for TMRO. it is syn- 
chronized with the intemal phase clocks. Therefore, the 
extemal clock input must meet certain requirements. 


Also there is some delay from the occurance of the 
extemal clock edge to the actual incrementing of TMRO. 
Referring to Figure 5-10, the synchronization 
is done 


after the prescaler. 
The output of the prescaler 
is 


sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUTto 
be high for at least 2 tose and low for at least 2 tose 
where: 


tose = oseillator time period. 


When no presealer is used. PSOUT(Presealer output. 
see Figure 5-6) is the same as TMRO clock input and 
therefore the requirements are: 


TATH 
TMRO 
high 
time 
~ 2tosc 
+ 
.1T 


(See parameter #40) 


TATL 
TMRO 
low 
time 
~ 
2tosc 
+ 
.1T 


(See parameter #41) 


When prescaler is used. the TMRO module input is 
divided bytheasynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 


Then: 


PSOUThigh time = PSOUT low time = 
N °2TffT 


where 


TAT 
TMRO input period 


N 
prescale value (2. 4•....• 256). 


The requirement is. therefore: 


NoTRT 2: 2tose+.1T.orTRT2: 
4tosc+2.1.T 


2 
N 


where 


small RC delay 


(see Timing Specifications). 


The user will notice that no requirement on TMRO high 
time or low time is specified. 
However. if the high time 


or low time on TMRO is too small then the pulse may not 
be detected. hence a minimum high or low time of 10ns 
is required. 
In summary. the TMRO module input re- 


quirements are: 


TAT 


TATH 


TATL 


TMRO period ~ (4 tosc + 2 .1T)/N 


TMRO high time 2:.1T 


TMRO low time 2:.1T 


GIEb~ 
(INTCON 
<7» 


INSTRUCTION 
FLOW 


Instruction { 
fetched 


Instruction { 
executed 


Notes: 
1. TOIF interruptflagissampledhere(every01). 
2. Interruptlatency= 4 TcywhereTcy= instructioncycletime. 
3. CLKOUTisavailableonlyinACoscillatormode. 


[p) U'@ ~0 [ffii) 0 mJ@U'W 
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Delay frQm external clock edge: Since the presealer 
Qutput is synchrQnized with the internal clocks, there is 
a small delay from the time the external clQck edge 
Qccurs tQ the time 
the TMRO mQdule is actually 


incremented. 
Referring tQ Figure 5-10, the reader can 


see that this delay is between 3 tose and 7 tQse. Thus, 
fQrexample, measuring the interval between two edges 
(e.g. periQd) will be accurate within ±4 tQse (±200ns @ 
20 MHz). 


5.4.3 Prescaler 


An 8-bit counter is available as a presealer fQrthe TMRO 
mQdule, Qr as a post-scaler fQr the watchdQg timer, 
respectively (see Figure 5-11). FQrsimplicity, thiscQunter 
is being referred tQas 'prescaler" thrQughQut this data 


sheet. NQte that there is Qnly Qne presealer available 
which is mutually exclusively shared between the TMRO 
mQdule and the Watchdog Timer. 
Thus, a prescaler 


assignmentlQrthe 
TMRO mQdule means thatthere is nQ 


prescaler fQrthe Watchdog Timer, and vice-versa. 


The PSA and PS2-PSO bits (OPTION<3:0» 
determine 


the prescaler assignment and pre-scale ratiQ. 


When assigned tQ the TMRO mQdule, all instructiQns 
writing tQthe TMRO mQdule (e.g. CLRFTMRO, MOVWF 
TMRO, BSF 1,x ....etc.) will clear the presealer. When 
assigned tQWDT, a CLRWDT instructiQn will clear the 
prescaler alQngwith the WatchdQg Timer. The presealer 
is nQt readable or writable. 


:~I~I~I~:~I~I~I~:~I~I~I~:~I~I~I~: 


EXT CLOCK INPUT OR 
I 
Small pulse I 
PRESCALER 
OUT (NOTE 2) 
misses sampling 


INCREMENT TMRO (04) 
, 


TMRO 


Notes: 


1. 
Delay from clock input change to TMRO increment is 3 tose to 7 tose. 
(Duration of a = tose). 


Therefore, the error in measuring the interval between two edges on TMRO input = ± 4 tose max. 


2. 
External clock if no presealer selected, Presealer output otherwise. 
3. 
The arrows indicate the points in time where sampling occurs. 


RTCC I'Xl----1 


PIN 
~ 
~ 


RTE 


WATCH 


DOG 
TIMER 


SYNC 
2 
CYCLES 


SET TOIF 


INTERRUPT 


ON QVERFLOW 
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Steps 2 and 3 are only required if an external TMRO 
source is used. Steps 9 and 10 are necessary only if the 
desired prescale value is '000' or '001'. 


To change prescalerfrom the WDTto the TMRO module 
use the sequence shown in Example 5-3. This precau- 
tion must be taken even if the WDT is disabled. 


The prescaler assignment is fully under software con- 
trol, Le., it can be changed ·on the fly· during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 5-2) 
must be executed when changing the prescaler assign- 
ment from TMRO to WDT. 
Depending on the selected 


prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 
EXAMPLE 5-3: 
CHANGING PRESCALER 
(WDT~TMRO) 


EXAMPLE 5-2: 
CHANGING PRESCALER 
(TMRO~WDT) 


l. 
BCF 
STATUS, RPO 
;Bank 0 
2. CLRF 
TMRO 
;Clear TMRO 
3. BSF 
STATUS, RPO 
;Bank 1 


4. CLRWDT 
iClears 
WDT 
and 
prescale 
5. 
MOVLW 
B.xxxxlxxx ' 
;Select new prescale 
6. 
MOVWF 
OPTION 
value 
7. BCF 
STATUS, RPO 
;Bank 
0 


Select 
TMRO, 
new 


prescale 
value 
and 


clock 
source 


This method Isvalid for revision B silicon and 
greater. 
F:tevIslooAsilicoll 
shQlJdl IJ.S$ttl~ 
method shOwnin revision D oflhedatasheet. 


Register Name 
Function 
Address 
Power-on 
Reset Value 


TMRO 
Timer/counter register 
01h 
xxxx 
xxxx 


OPTION 
Configuration and prescaler assignment 
81h 
1111 
1111 
bits for TMRO. See Figure 4-4 


INTCON 
TMRO overflow interrupt flag and mask bits 
08h 
0000 
ooox 


See Figure 4-5 


Address 
Name 
Bit 7 
Bit 6 
Bit 5 
Bit4 
Bit 3 
Bit 2 
Bit 1 
BltO 


01 
TMRO 
TIMERO 


0B/88 
INTCON 
GIE 
PEIE 
TOlE 
INTE 
Rl3lE .i 
TOIF 
IttfF 
RBlF 


81 
OPTION 
RBPU 
INTEDG 
RTS 
RTE 
PSA 
PS2 
PS1 
PSO 


85 
TRISA 
- 
- 
TRlSA5 
TRISA4 
TRlSA3 
TRISA2 
TRlSA1 
TRISAO 


Legend 
-: 
Unimplemented 
locations, 
Read as '0' 
Shaded boxes are not used by TMRO module. 


~ 
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DI~1~~7~'t 
, 
, 


writable register which contains various control bits to 
configure the prescaler, the externallNT 
interrupt, the 


TMRO and the weak pull-ups on PORTB. 


paR 
VALUE: 
FR1 
bit 0 
ADDR: 
81h 


PRESCALER 
VALUE 
o 
0 
0 
001 
o 
1 
0 
o 
1 
1 
1 
0 
0 
1 
0 
1 


1 
1 
0 
1 
1 
1 


TMRORATE 


1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 
1 : 256 


WDTRATE 


1 : 1 
1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 


Prescaler assignment 
bit: 


0 ...• TMRO 
1 .... WDT 


TMRO signal edge: 
o 
Increment on low-to-high transition on RA4fTOCKI pin 


1 
Increment on high-ta-Iow transition on RA4fTOCKI pin 


TMRO signal source: 
o 
Internal instruction cycle clock (CLKOUT) 
1 
Transition 
on RA4fTOCKI pin 


INT interrupt edge select 
o 
Interrupt on falling edge 
1 
Interrupt on rising edge 


PORTS pull-up enable 
RBPU ; 0 : PORTS pull-ups are enabled by individual port-latch values 
RBPU ; 1 : PORTB pull-ups are disabled overriding any port latch value 


~ [J'@ ~0 UliD 0 ITiHID [J'W 
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The AID converter module has four analog input chan- 
nels multiplexed 
into one sample and hold and AID 


converter. Reference voltage VREFcan come extemally 
on RA3IAIN3IVREF pin or internally from Voo. 
The 


converter itself is a successive approximation type and 
produces an a-bit result in the ADRES register (f09h). A 
=ersion 
is initiated 
by setting a control bit (GO/ 


DONE, ADCON<2». 
Prior to starting conversion, the 


appropriate channel must be selected and enough time 
allowed for sampling. The conversion time is a function 
of the oscillator cycle. 
The minimum conversion time 


required is 20l1s. 
At the end of conversion the GO/ 


DONE bit is cleared and the AID flag interrupt is set 
(ADIF). The overall accuracy (zero error, full scale error, 
integral error and quantization error) is less than ±1 LSB 
for Voo = 5.12V and VREF= Voo. The resolution and 
accuracy is less when VREFis less than Voo or for Voo 
less than 5.12V (see specifications for details). 


The following steps should be followed in making an AID 
conversion: 


1) Configure register ADCON1 (see Figure 5.14) 


• 
Select analogldigitaWREF inputs (ADCON 1<1:0» 


2) Configure register ADCONO (see Figure 5.13) 


• 
Select AID conversion clock (ADCONO<7:6» 


• 
Select AID channel (ADCON<4:3» 


• 
Turn on AID module (ADCONO<O» 


3) Configure AID interrupt (if required) 


• 
Clear ADIF (ADCONO<1» 


• 
Set ADIE (INTCON<6» 


• 
Set global interrupt GIE (INTCON<7» 


4) Start conversion 


• 
Set GO/DONE bit (ADCONO<27» 


Example: 


Configure RAOand RA1 as analog inputs, VREF= Voo, 
RA2 and RA3 as digital inputs, use AID interrupt, intemal 
RC clock. 


BSF 
MOVLW 


MOVWF 
BCF 
MOVLW 


MOVWF 
MOVLW 


MOVWF 


BSF 


STATUS,S 


00000010B 
ADCONl 
STATUS,S 


11000001B 
ADCONO 


llXXXXXXB 


INTCON 
ADCONO,2 


;select page 
1 
;configure 
AID 
inputs 


;configure 
AID 
inputs 
;select page 
0 


;CHO = on, clear 
ADIF 


;tad = tRC 
;enable AID 
interrupts 


;and global 
INT 


;start conversion 


Note: The GO/DONE bit should not be set in the same 
instruction which turns on the AID. 


Example: 


Wrong: 


MOVLW 
MOVWF 


Correct: 


MOVLW 
MOWF 


8SF 


8'11000111" 


ADCONO 


8'11000011' 


ADCONO 


ADCONO,2 


Address: 
08h 
R/W: Readable& 
Resetvalue: OOh 
writable 
R: 
Readonly 
U: 
Unused, 
readsas'O' 


ADON= 0 AID converter module is shut off 


andconsumesnooperatingcurrent. 


ADON= 1 AIDconvertermoduleis operating. 
AID conversioncompleteinterruptflag bit. 
Set whenconversionis completed. Reset in 
software. 
GO/DONEmustbesetto begina conversion. 
It is automaticallyresetin hardwarewhen the 
conversionis complete. 
Analogchannelselect: 
CHS1,CHSO= 
00: channel0 
(AINO) 


01: channell 
(AIN1) 


10: channel2 
(AIN2) 


11: channel3 
(AIN3) 


Reserved;can be usedas a generalpurpose 
readlwritebit,butnotrecommendedlor upward 
compatibility. 
AID conversionclock select: 
ADCS1,0 = 
00: 10se/2 
01: 10se/8 
10: loscl32 
11: IRC(clock is derived 


Irom internal RC 
oscillator) 


~ [J@ ~0ITlfi) 0[fi)® [JW 
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The AID converter 
operates 
on its own clock, tad, 
derived from either the OSC1 clock input or from its own 
on-ehip RC oscillator as follows: 


Control bit 
tad (must be > 2 lIS) 


ADCS1, ADCSO 


00 
2 tosc 


01 
8tosc 


10 
32tosc 


11 
tRC(211S-6l1S,4l1Snominal) 


The conversion time for each bit is tad. 
The total 


conversion time is lotad. 
Selection must be made such 


that tad is at least 2 lls. 


At low frequencies, the RC oscillator can be selected to 
maintain shorter conversion time. 
The RC oscillator 


frequency varies considerably with voltage, tempera- 
ture and process parameters (211Sto 611Speriod, nomi- 
nally 4l1S). 


5.6.2 AID OPERATION DURING SLEEP 


To reduce operating current all biasing circuits in the 
AID block that consume DC current are shut off when 
ADON bit is a '0'. If a conversion is in progress using RC 
oscillator, it will be completed. The ADIF interrupt flag bit 
will be set and the chip will wake up if the ADIE interrupt 
enable bit is a '1'. Since, during SLEEP, the switching 
noise is eliminated, the conversion accuracy will be the 
maximum possible. 
This provides a means for getting 


accurate conversions while operating the processor at 
high clock rates. 


If SLEEP is invoked during a conversion that uses OSC1 
clock, the conversion will be aborted. The AID converter 
will be shut off. The user must re-initialize the conver- 
sion, starting with resampling. 


Aside from the 'GO' and 'ADIF', 
all configuration bits 


change only when written to. In AID RC mode, conver- 
sion will wait one instruction cycle after GO bit has been 
set. This is to allow the processor to execute a sleep 
instruction before conversion is started. 


u 
u 
u 
u 
U 


06h 
RIW: 
Readable & 


OOh 
writable 


fC.EG.1....ll 
.BAO....BAl 
.BA2. 
BAa 
llaEE 
bitO 
R: 
Read only 


U: 
Unimplemented, 
00 
analog inputs 
analog input 
analog input 
Voo 


01 
analoginputs 
analog input 
retinput 
RA3 
reads as'O' 


10 
analoginputs 
digital 1/0 
digital 1/0 
Voo 


11 
digital 1/0 
digital 1/0 
digital 1/0 
VDD 
PCFG1, 0 configures 
the RAo-RA3 
pins in 
various modes: 


~[)'®~ 
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5.6.3 ANALOG INPUT CONNECTION 


CONSIDERATIONS 
where Rs = source 
impedance 


Ric + Rss ~ 2Kn 


(assuming Rs = 10Kn) 


A simplified circuit for an analog input is shown in Figure 
5.15. First, the user must configure the TRISA register 
such that the analog pins are configured 
as inputs. 
Second, since the analog pins are connected to digital 
output, they have reverse biased diodes to Voo and Vss. 
The analog input, therefore must be between Vss and 
Voo. If input voltage deviates from this range by more 
than 0.6V in either direction, one of the diodes is forward 
biased and a latch-up may occur. 
A maximum source 


impedance of 10Kn is recommended 
for the analog 


sources. 
At this impedance, the maximum 
possible 


error caused by the leakage current is ±5 mV or ±O.25 
LSB at Voo = VREF= 5V (10Kn x 0.5 IJA). 


The other reason to limit the maximum source imped- 
ance is to be able to capture the analog input voltage on 
to the holding capacitor. 
The time constant to charge 


Choldis (see Figure 5.15): 


= 
51.2 pF (2Kn +Rs) 


~ 
51.2 pF x 12Kn 


0.6144I1S = T 


from the capacitive charging equation: 


Vhold= VA (1-e-VT) 


for 1/8 LSB error at Voo = 5V 


VT 
2.5 mV 
e' 
= 5000 mV 
or t ~ 7.6T = 4.6711S(required sampling time) 


External RC filter is sometimes added for anti-aliasing. 
Once again, the value of the R should be such that the 
total source impedance is kept under 10Kn. Anyexter- 
nal component connected to an analog input pin, such 
as a capacitor or a zener diode, should have very little 
leakage current. 


Sampling 
switch 
,,----------- 
..• 
!55~ 


L 
J 1Chold 


= DAC capac~ance 
.51.2 
pF 


Cpin 
=5pF 


Legend 
Cpin 
= input capacitance 
VT 
= threshold voltage 


I1eakage = leakage current at the pin due to various junctions 
Aic 
= interconnect 
resistance 


Ass 
= on resistance 
of the switch 
55 
= sampling switch 
Chold 
= samplelhold 
capacitance 
(from DAC) 


As 
= source impedance 
of the analog input 


VA 
= analog input voltage 


~[j'®~ 
0 ITi]i]0 ITD®[j'W 
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The sample and hold circuit consists 
of a sampling 
switch SS (Figure 5.15) and the SlH capacitor whose 
value is typically 51 pF. 


As long as ADON control bit is '1' (bit 0, ADCON 0) and 
a valid analog input channel is selected, the input will be 
continuously sampled. There is no command to start or 
stop sampling. When a conversion is started, sampling 
is ended and conversion begins on the voltage across 
the SlH capacitor. The sample and hold, therefore can 
be more accurately described as "track and hold". 


After a conversion is completed, sampling begins after 
a delay of 2lad. (tad = AID conversion clock). The user 
must keep this in mind when allowing for adequate 
sampling time. 


5.6.5 TRANSFER FUNCTION 


The ideal transfer function of the AID converter is as 
follows: 
The first transition occurs when input voltage 
(VA) is 1 LSB (or full scalel256). 
Figure 5.16 shows the 
ideal transfer function. 


Register namelblts 
Function 
Address 


AORES 
NO result reoister 
09h 
AOCONO 
NO control and 
status reoister 
08h 
AOCONl 
ND control register 
88h 
INTCON(bit AOIE) 
Interrupt control register 
08h 


BSF ADCON, 
GO ~ 


Q4 
~ r-~:~) 
---lf1\~ 


ADC eLK 
\.:J: 


, 
, 


~ 
tad 
~ 
, 


FFh 


FEh 


'5t 
~ 
04h 
j9 
03h 
a 


02h 


01h 


0011 


..•.••••••..••••••...••••••••••.• 
~ 


,/ 
: 


,/ 
1 


lDlD 
lD 
lD 
lD 
lD:i" 
~~ 
~ 
~ 
• 
~ 
~§ 


"'- 
'" 
:3 
:8'3 
0 
Analog 
inptJI 


voltage 
'" 
",,,," 


ADCDATA 
~_~X 
7 = 
_ 


~ 
IT'@ ~ 0 [ITJi)0 [fi)@IT'W 
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Each PIC16C71 instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16C71 instruction set 
summary in Table 6.2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 6.1 shows the 
opcode field descriptions. 


For byte-oriented instructions, "f" represents a file regis- 
ter designator and "d" represents a destination designa- 
tor. The file register designator 
specifies which 
file 


register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If "d" is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. 


For literal and control operations, "k" represents an eight 
or eleven bit constant or literal value. 


TABLE 6.1 - OPCODE FIELD 
DESCRIPTIONS 


Field 
Description 


f 
Register file address (OxOOto OX7F) 
w 
Working register (accumulator) 


b 
Bit address within an 8-bit file register 


k 
Literal field, constant data or label 


x 
Don't care location (= 0 or 1) 
The assembler will generate code with x = 
O. It is the recommended form of use for 
comoatibilitv with all software tools. 
d 
Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 


label 
Label name 


TOS 
Top of Stack 
PC 
Proaram Counter 


PCLATH 
Proaram Counter Hiah Latch 


GIE 
Global Interrupt Enable Bit 


WDT 
Watchdog Timer Counter 


TO 
Time-out Bit 


PD 
Power-down Bit 


dest 
Destination either the W register or the 
specified register file location 


[ 
1 
Options 


( 
) 
Contents 
~ 
Assigned to 


< 
> 
Register bit field 


E 
In the set of 


italic 
User defined term 


The instruction set is highly orthogonal and is grouped 
into three basic categories: 


Byte oriented operations 
Bit oriented operations 
Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true orthe program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 lisec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 lisec. 


Table 6.2 lists the instructions recognized bythe MPASM 
assembler. 


Figure 6.1 shows the three general formats that the 
instructions can have. 


Note: 
To maintain upward. compatibility with future 
PIC16CXX products. do not use the OPTION 
and TRIS instructions. 


All examples use the following format to represent a 
hexidecimal number: 


Oxhh 
where h signifies a hexidecimal digit. 


FIGURE 6.1 - GENERAL FORMAT FOR 


INSTRUCTIONS 


Byte-oriented file register operations 
13 
a 
7 
6 
0 


OPCODE 
I d I 
I(FILE #) 


d = 0 lor destination 
W 
d = 1 lor destination I 
1= 7-bi! Iile register address 


Bit-oriented file register operations 


13 
10 9 
7 6 
0 
I 
OPCODE 
I 
b(BIT #) I 
I(FILE #) 
I 
b = 3-bit bit address 
I = 7-bit lile register address 


Literal and control operations 


13 
a 
7 
0 
I 
OPCODE 
I 
k (LITERAL) 


k = a-bit immediate value. 


[p) [J® ~0 []1fi) 0 [Ji) lID [JW 
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Mnemonic, 
Descrlpllon 
Cycles 
I 
14·BII ODcode 
I 
Sialus 
Noles 
Operands 
I msb 
Isb 
Affecled 


BYTE-oRIENTED FILE REGISTER OPERATIONS 


ADDWF 
I, d 
Add Wand 
1 
1 
00 
0111 
dfff 
ffff 
C,DC,Z 
1,2 


ANDWF 
I, d 
AND Wand 
I 
1 
00 
0101 
dfff 
ffff 
Z 
1,2 


ClRF 
1 
Clear I 
1 
00 
0001 
Hff 
ffff 
Z 
2 


ClRW 
. 
ClearW 
1 
00 
0001 
Oxxxxxxx 
Z 


COMF 
I, d 
Complement 
I 
1 
00 
1001 
dfff 
ffff 
Z 
1,2 


DECF 
I, d 
Decrement I 
1 
00 
0011 
dfff 
ffff 
Z 
1,2 


DECFSZ 
I, d 
Decrement I, Skip il 0 
1 (2) 
00 
1011 
dfff 
ffff 
1,2,3 


INCF 
I, d 
Increment I 
1 
00 
1010 
dfff 
ffff 
Z 
1,2 


INCFSZ 
I, d 
Increment I, Skip ilO 
1 (2) 
00 
1111 
dfff 
ffff 
1,2,3 


IORWF 
I, d 
Inclusive OR Wand f 
1 
00 
0100 
dfff 
ffff 
Z 
1,2 


MOVF 
I, d 
Move f 
1 
00 
1000 
dfff 
ffff 
Z 
1,2 


MOVWF 
1 
MoveWtof 
1 
00 
0000 
Hff 
ffff 
NOP 
- 
No Operation 
1 
00 
0000 
OxxO 0000 
RlF 
I, d 
Rotate left I through 
carry 
1 
00 
1101 
dfff 
ffff 
C 
1,2 


RRF 
f, d 
Rotate right I through carry 
1 
00 
1100 
dfff 
ffff 
C 
1,2 


SUBWF 
I, d 
Subtract W from f 
1 
00 
0010 
dfff 
ffff 
C,DC,Z 
1,2 


SWAPF 
I, d 
Swap halves I 
1 
00 
1110 
dfff 
ffff 
1,2 


XORWF 
I, d 
Exclusive OR Wand f 
1 
00 
0110 
dfff 
ffff 
Z 
1,2 


BIT·ORIENTED FILE REGISTER OPERATIONS 


BCF 
I, b 
Bit Clear I 
1 
01 
OObb bfff 
ffff 
1,2 


BSF 
I, b 
Bit Set f 
1 
01 
01bb 
bfff 
ffff 
1,2 


BTFSC 
I, b 
Bit Test f, Skip if Clear 
1 (2) 
01 
10bb 
bfff 
ffff 
3 
BTFSS 
I, b 
Bit Test f, Skip if Set 
1 (2) 
01 
11bb 
bfff 
ffff 
3 


LITERAL AND CONTROL OPERATIONS 


ADDlW 
k 
Add literal to W 
1 
11 
111x 
kkkk 
kkkk 
C,DC,Z 


ANDlW 
k 
ANO literal to W 
1 
11 
1001 
kkkk 
kkkk 
Z 
CAll 
k 
Call subroutine 
2 
10 
Okkk 
kkkk 
kkkk 
-- 
ClRWDT 
- 
Clear watchdog timer 
1 
00 
0000 
0110 
0100 
TO, PO 
GOIO 
k 
Go to address 
2 
10 
1kkk 
kkkk 
kkkk 
IORlW 
k 
Inclusive OR literal to W 
1 
11 
1000 
kkkk 
kkkk 
Z 
MOVlW 
k 
Move literal to W 
1 
11 
OOxx 
kkkk 
kkkk 
RETFIE 
- 
Return Irom interrupt 
2 
00 
0000 
0000 1001 
RETlW 
k 
Return with literal in W 
2 
11 
01xx 
kkkk 
kkkk 
RETURN 
. 
Return Irom subroutine 
2 
00 
0000 
0000 1000 
SLEEP 
Go into standby mode 
-- 
- 
1 
00 
0000 
0110 
0011 
TO,PO 
SUBlW 
k 
Subtract W Irom literal 
1 
11 
110x 
kkkk 
kkkk 
C,OC,Z 
XORlW 
k 
Excl. OR literal to W 
1 
11 
1010 
kkkk 
kkkk 
Z 


Notes: 1. When an I/O register is modified as a function of itsell (e.g. MOVF Port B,1 ), the value used will be that value present on the 


pins themselves. 
For example, if the data latch is "1" for a pin configured as input and is driven low by an external device, the 


data will be written back with a '0'. 


2. 
II this instruction is executed on the RTCC register (and, where applicable, d=1), the prescalerwill 
be cleared if assigned to 


the RTCC. 


3. II Program Counter (PC) is modified or a conditional 
test is true, the instruction 
requires two cycles. 
The second cycle is 


executed as a NOP. 


~[j'®~ 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Add Literal to W 


[label) 
ADDLW 
k 


OskS255 


(PC) + 1 ~ (PC) 
(W)+k~W 


C,DC,l 


~ 
The contents of the W register are 
added to the 8-bit literal "k" and the 
result is placed in the W register. 


ADDLW 
Ox15 


Belore Instruction 
W = 
Ox10 


After Instruction 
W = 
0x25 


ADDWtof 


[label) 
ADDWF 
I,d 


Osls127 
dE [0,1) 


(W) + (I) ~ (dest) 


C,DC,l 


~ 
Add the contents of the W register to 
register "f'. 
II ad" is 0 the result is 
stored in the W register. If "d" is 1the 
result is stored back in register "f'. 


1 


1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


AND Literal and W 


[label] 
ANDLW 
k 


Osks255 


(W) .AND. (k) ~ W 
l 


~ 
The contentsolW register are AND'ed 
with the a-bit literal "k". The result is 
placed in the W register. 


1 


1 


ANDLW 
Ox5F 


Before Instruction 
W = 
OxA3 


After Instruction 
W = 
Ox03 


AND Wwith 
f 


[label) 
ANDWF 
f,d 


Osfs 
127 
dE [0,1] 


(W) .AND. (I) ~ dest 
l 


~ 
AND the W register with register "f'. If 
ad" is 0 the result is stored in the W 
register. If"d" is 1 the result is stored 
back in register "f'. 


1 


1 


ANDWF 
FSR, 
1 


Belore Instruction 
W 
= 
Ox17 
FSR = 
OxC2 


After Instruction 
W 
Ox17 
FSR = 
Ox02 


Before Instruction 
W 
= 
Ox17 
FSR = 
OxC2 


After Instruction 
W 
OxD9 
FSR = 
OxC2 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label] 
BCF 


O:5;f:5;127 
0:5;b:5;7 
o ~f<b> 


None 


~ 
Bit "b" in register "f' is reset to O. 


BCF 
FLAG_REG, 7 


Before Instruction 
FLAG_REG = 
OxC7 


After Instruction 
FLAG_REG = 


Bit Set f 


[label] 
BSF 


O:5;f:5;127 
0:5;b:5;7 


1 ~f<b> 


None 


~ 
Bit "b" in register "f' is set to 1. 


BSF 
FLAG_REG, 7 


Before Instruction 
FLAG_REG = 
OxOA 


After Instruction 
FLAG_REG = 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label] 
BTFSC 
f,b 


0:5;f:5;127 
0:5;b:5;7 


skip if (f<b» = 0 


None 


~ 
If bit 'b' in register 'f is '0' then the next 
instruction is skipped. 


If bit 'b' is '0', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


HERE 
BTFSC 


FALSE 
GOTO 
TRUE 


FLAG,l 
PROCESS_CODE 


Before Instruction 
PC = address 
HERE 


After Instruction 


if FLAG<l> 
= 0, PC = address 
TRUE 


if FLAG <1> - 1, PC = address 
FALSE 


Bit Test. skip if set 


[label] 
BTFSS 
f,b 


O:5;f:5;127 
0:5;b:5;7 


skip if (f<b» = 1 


None 


~ 
If bit "b" in register "f' is "1" then the 
next instruction is skipped. 


If bit "b' 
is '0', the next instruction, 


fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


HERE 
FALSE 
TRUE 


BTFSC 
GOTO 
FLAG,l 
PROCESS_CODE 


Before Instruction 
PC = address 
HERE 


After Instruction 


if FLAG<1> = 0, PC = address 
FALSE 


if FLAG <1> - 1,PC = address 
TRUE 


~ 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


CLRF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subroutine Call 


[label) 
CALL 
k 


0:sk:s2048 


(PC) + 1 ~ TOS, 
k ~ PC<10:0>, 
(PCLATH<4:3» 
~ PC<12:11>; 


None 


~ 
Subroutine call. First, return address 
(PC + 1)is pushed onto the stack. The 
l1-bit 
immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PCare loaded from PCLATH (103). 
CALL is a two-cycle instruction. 


1 


2 


HERE 
CALL 
THERE 


Before Instruction 
PC 
= 
Address HERE 


After Instruction 
PC 
= 
Address THERE 
TOS = 
Address HERE 


Clearf 


[label) 
CLRF 


O:s f:s 127 


OOh~f 


Z 


~ 
The contents of register"!" are cleared. 


CLRF 
FLAG_REG 


Before Instruction 
FLAG_REG = 
Ox5A 


After Instruction 
FLAG_REG = 
OxOO 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Clear W Register 


[label] 
CLRW 


None 


OOh~(W),l 
~Z 


Z 


~ 
W registered is cleared. 
Zero bit (Z) 


isseI. 


CLRW 


Before Instruction 
W = 
Ox5A 


After Instruction 
W 
OxOO 
Z 
= 
1 


Clear Watchdog Timer 


[label) 
CLRWDT 


None 


OOh~WDT, 
o ~ WDT prescaler, 
1 ~TO 
1 ~PD 


TO,PD 


~ 
CLRWDT 
instruction 
resets 
the 
Watchdog 
Timer.lt 
also resets the 
prescaler of the WDT. Status bits TO 
and PD are set. 


Before Instruction 
WDT counter = ? 


After Instruction 
WDT counter = OxOO 


~ [j'®~ 0 [ITii)0 [fiHID IT'W 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Complement 
f 


[label) 
COMF 
f,d 


Osfs 
127 
dE [0,1) 
(ij -+ (dest) 


Z 


~ 
The contents of register"f' are compie- 
mented. If"d" is 0 the result is stored 
inW.lf"d"is 
1the result is stored back 
in register "f'. 


COMF 
REG1, 
a 


Before Instruction 
REGl = OxA5 


After Instruction 
REGl = 
OxA5 
W 
= 
Ox5A 


[label) 
DECF 
f,d 


Osfs 
127 
dE [0,1) 


(1)-1-+ (dest) 


Z 


~ 
Decrement register "f'. 
If "d" is 0 the 
result is stored in the W register. If "d" 
is 1the result is stored back in register 
"f'. 


1 


1 


DECF 
CNT, 
1 


Before Instruction 
CNT = 
OxOl 
Z 
= 
0 


After Instruction 
CNT = 
OxOO 
Z 
= 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Decrement 
f, skip if 0 


[label) 
DECFSZ 
f,d 


osfs127 
dE [0,1) 


(I) - 1 -+ d; skip if result = 0 


None 


~ 
The contents of register "f' are decre- 
mented. If "d" is 0 the result is placed 
in the W register. If"d" is 1 the result 
is placed back in register "f'. 


If the result is 0, the next instruction, 
which is already fetched, isdiscarded. 
A NOP is executed instead making it 
a two-cycle instruction. 


HERE 
DECFSZ 
GOTO 
CONTINUE 
• 


CNT, 
1 
LOOP 


Before Instruction 
PC = address 
HERE 


After Instruction 
CNT=CNT-l 


ff CNT = 0, PC = address 
CONTINUE 


ff CNT * 0, PC = address 
HERE 
+ 
1 


[label) 
GOTO 
k 


OskS2048 
dE [0,1) 


k -+ PC<10:0>, 
(PCLATH<4:3» 
-+ PC<12:11> 


None 


~ 
GOTO is an unconditional 
branch. 


The 11-bit immediate value is loaded 
into PC bits <10:0>. The upper bits of 
PC are loaded from PCLATH <4:3>. 
GOTO is a two-cycle instruction. 


1 


2 


GOTOTHERE 


After Instruction 
PC = Address of THERE 


[?)rr®~ 0 [M) 0 [[i)®rrw 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Incrementf 


[label) 
INCF 
I,d 


OSIS 
127 
dE [0,1] 


(I) + 1 -t (dest) 


Z 


~ 
The contents 01register Tare 
incre- 
mented. If "d" is 0 the result is placed 
in the W register. 11"d"is 1 the result 
is placed back in register T. 


INCF 
CNT 1, 


Belore Instruction 


CNT = 
OxFF 


Z 
= 
0 


After Instruction 
CNT = 
OxOO 
Z 
= 
1 


Increment f, skip if 0 


[label] 
INCFSZ 
I,d 


0$ I $ 127 
dE [0,1] 


(I) + 1 -t (dest), skip il result = 0 


None 
GU 
1111 I 
dfff 
~ 


The contents 01register Tare 
incre- 


mented. If "d" is 0 the result is placed 
in the W register. 11"d"is 1 the result 
is placed back in register T. 


If the result is 0, the next instruction, 
which is alreadyletched, isdiscarded. 
A NOP is executed instead making it 
a two-cycle instruction. 


HERE 
INCFSZ 
GOTO 
CONTINUE. 


CNT, 
1 


LOOP 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Inclusive OR Literal with W 


[label] 
IORLW 
k 


OskS255 


(W) .OR. (k) -t (W) 


Z 


~ 
The contents 01 the W register are 
OR'ed with the eight bit litera' "k". The 
result is placed in the W register. 


IORLW 
Ox35 


Belore Instruction 
W = 
Ox9A 


After Instruction 
W = OxBF 


Inclusive OR W with f 


[label] 
IORWF 
I,d 


OSI$127 
dE [0,1] 


(W) .OR. (I) -t (dest) 


Z 


~ 
Inclusive OR the W register with reg- 
ister T. 
If "d" is 0 the result is stored 


in the W register. 11"d"is 1 the result 
is stored back in register T. 


Belore Instruction 


PC = address 
HERE 


After Instruction 
CNT=CNT-l 


if CNT = 0, PC = address 
CONTINUE 


if CNT •• 0, PC = address 
HERE 
+ 1 


Belore Instruction 
RESULT = 
Ox13 
W 
= 
Ox91 


After Instruction 
RESULT = 
Ox13 
W 
= 
Ox93 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label) 
MOVLW 
k 


OskS255 


k-+ (W) 


None 


~ 
The eight bit literal"k" is loaded into W 
register. 


MOVLW 
Ox5A 


After Instruction 
W = 
Ox5A 


Move f 


[label) 
MOVF 
f,d 


Osfs 
127 
dE [0,1) 


(1)-+ (dest) 


Z 


~ 
The contents of register f is moved to 
destination d. If d=O,destination is W 
register. If d = 1, the destination is file 
register f itself. d = 1 is useful to test 
a file register since status flag Z is 
affected. 


MOVF 
FSR, 
0 


After Instruction 
W = 
value in FSR register 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label) 
MOVWF 


Osfs 
127 


(W) -+ (1) 


None 


~ 
Move data from W register to register 
"f". 


1 


1 


Before Instruction 
OPTION 
= OxFF 


W 
Ox4F 


After Instruction 
OPTION 
Ox4F 


W 
Ox4F 


No Operation 


[label) 
NOP 


None 


No operation 


None 


~ 
No operation 


~ 
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arDON 


S~ 
Operands: 
Openrtion: 


Status Affected: 


EncodIng: 


Description: 


Words: 


Cycles: 


-Exllf!'lple: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


To maintain 
upward 
compatlblUty 


with futurePlC16CXXproducts,do 
not use this Instruction. 


Return from Interrupt 


[label) 
RETFIE 


None 


TOS --+ PC, 
1 --+ GIE; 


None 


~ 
Return 
from 
Interrupt. 
Stack 
is 


popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en- 
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN- 
TCON<7». 
This is a two-cycle 


instruction. 


RETFIE 


After Interrupt 
PC = TOS 
GIE = 1 


Return Literal to W 


[label) 
RETLW 
k 


Osks255 


k --+ W; TOS 
--+ PC; 


None 


~ 
The 
W register is loaded with the 


8-bit literal ok". The program counter 
is loaded from the top of the stack (the 
return address). 
This is a two-cycle 


instruction. 


Words: 
1 


Cycles: 
2 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


PIC16C71 


CALL 
TABLE; 
Wcontains 
table 
offset 
; value 
W now 
has 
table 
value 


TABLE ADDWFPC 
RETLWkl 
RETLWk2 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Before Instruction 


W 
= 
Ox07 


After Instruction 
W = value of k7 


[label) 
RETURN 


None 


TOS 
--+ PC; 


None 


~ 
Return from subroutine. The stack is 
popped and the Top Of the Stack 
(TOS) is loaded into the program 
counter. 
This 
is 
a 
two-cycle 
instruction. 


RE'IURN 


After Interrupt 


PC 
= TOS 


~[J®~ 
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Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Rotate Left f through Carry 


[label] 
RLF 
f,d 


0$f$127 
dE [0,1] 


kn> 
--..d<n+1>, 
k7> 
--..C, C --.. 
d<O>; 


C 


~ 
The contents of register"f' are rotated 
one bit to the left through the Carry 
Flag. If "<1" is 0 the result is placed in 
the W register. If "<1" is 1 the result is 
stored back in register "f'. 
@ 
registerf h 


RLF 
REG1, 
0 


Before Instruction 
REG1 = 
11100110 
C 
= 
0 


After Instruction 
REG1 
11100110 
W 
11001100 
C 
1 


Rotate Right f through Carry 


[label] 
RRF 
f,d 


0$f$127 
dE [0,1] 


kn> 
--..d<n-1>, 


kO> 
--..C, 
C--..d<7>; 


C 


~ 
The contents of register"f' are rotated 
one bit to the right through the Carry 
Flag. If "d" is 0 the result is placed in 
the W register. If "<1" is 1 the result is 
placed back in register "f'. 
c0-1 
register f b 


RRF 
REG1, 
0 


Before Instruction 
REG1 
= 
11100110 
C 
0 
After Instruction 
REG1 
11100110 
W 
01110011 
C 
0 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example 1: 


[label) 
SLEEP 


None 


OOh--..WDT, 
o --..WDT prescaler 
1--.. TO, 
0--.. PO 


TO,PD 


~ 
The power down status bit (PO) is 
cleared. Time-out status bit (TO) is 
set. Watchdog Timer and its pres- 
caler are cleared. 


The processor isput into SLEEP mode 
with the oscillator stopped. See sec- 
tion on SLEEP mode for more details. 


Subtract W from Literal 


[label) 
SUBLW k 


0$k$255 


k-(W) 
--..(W) 


C,DC,Z 


~ 
The W register 
is subtracted 
(2's 


complement method) from the a-bit 
literal"k". The result is placed in the W 
register. 


SUBLW 
OX02 


Before Instruction 
W 
= 
1 
C 
= 
? 


After Instruction 
W = 
1 
C 
= 
1 
;result is positive 


Before Instruction 
W = 
3 


C 
= 
? 
After Instruction 
W 
FF 
C 
= 
0 
;result is negative 


~ 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Example 1: 


SWAPF 


Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subtract W from f 


[label] 
SUBWF 
f,d 


0:5f:5127 
dE [0,1] 


(f)-(W) ~ (dest) 


C,DC,Z 


~ 
Subtract (two's complement method) 
the W register from register "f". If"d" 
is 0 the result is stored in the W 
register. If"d" is 1 the result is stored 
back in register "f". 


SUBLW 
REG1,1 


Before Instruction 
REGl 
= 0 
W 
= 
1 
C 
= 
? 
After Instruction 
REGl 
= FF 
W 
= 
1 
C 
= 
0 
;result is negative 
Before Instruction 
REGl 
= FF 
W 
= 
0 
C 
= 
? 
After Instruction 
REGl 
FF 
W 
0 
C 
= 
1 
;result is positive 


Swapf 


[label] 
SWAPF 
f,d 


0:5f:5127 
dE [0,1] 


1<0:3> ~ 
d<4:7>, 
1<4:7> ~ 
d<O:3>; 


None 


~ 
The upper and lower nibbles of regis- 
ter "f" are exchanged. 
If "d" is 0 the 
result is placed in W register, If "d" is 
1 the result is placed in register "f", 


1 


1 


SWAPF 
REG, 0 


Before Instruction 
REG = OxA5 


After Instruction 
REG = OxA5 
W 
= Ox5A 


·.•TRIS 
LOad TRISRedlstet 
i 


Syntax: 
[ label] 
TRIS 
f 


..Opetw1<:1$: 
5sfS7 


Operation: 
W -+ TRISregiSter f; 


Status Affected: 
None 


Encpdiog;. 
I .• QQ xl 
(lQQP I. 
Q,1;,1;4 
•.. 01;~. 


Description: 
This instruction is supported tor code 
compatibilitywlthltle PIC16C5Xprod- 
I.ICfS, 
.Since T~IS fegist$f$ are 
readable and wrltable, the user can 
dlreetfy address them. 


•WoldS: 
1 
Cycles: 
1 
Example: 


To maintain upward compatibility 
with future i>1C16CXX products. do 
not u"t6I.J!t'tglctI91l~ 


Exclusive OR literal with W 


[label] 
XORLW 
k 


0:5k:5255 


(W) ,XOR. k ~ (W) 


Z 


~ 
The contents of the W register are 
XOR'ed with the 8-bit litera' "k", The 
result is placed in the W register. 


1 


1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 
XORLW 
OxAF 


Before Instruction 
W = OxB5 


After Instruction 
W 
= Ox1A 


~U'®~ 0 mm 0 []'j)@U'W 
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PI~1R~71 
Syntax: 
[label] 
XORWF 


Operands: 
0 S f S 128 
de 
[0,1] 


Operation: 
(W) .XOR. (f) --+ (dest) 


Status Affected 
Z 


~ 
Exclusive OR the contents of the W 
register with register T. 
If "d" is 0 the 
result is stored in the W register. If"d" 
is 1the result is stored back in register 
T. 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 
XORWF 
REG, 1 


Before Instruction 
REG 
= 
OxAF 
W 
= 
OxB5 


After Instruction 
REG 
Ox1A 
W 
= 
OxB5 


~[l'®~O@i)OUl)@[l'W 
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7.1 
Development Tools 


The PIC16C5X 
and PIC16CXX 
microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


• 
PICMASTERTM Real-Time In-Circuit Emulator 


• 
PRO MATETMUniversal Programmer 


• 
PICSTARTTM Low-Cost Prototype Programmer 


• 
Assembler 


• 
Software Simulator 


7.2 
PICMASTERTM:High Performance 
Universal In-Circuit Emulator 


The PICMASTER 
Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller 
design tool set for all 
microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable 
target probes allow the system to be 
easily reconfigured 
for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all new 
PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on low-cost 
PC compatible machines ranging from 80286-A 1" class 
ISA-bus systems 
through the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft Windows" 3.X environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER 
has been designed as a real-time 
emulation 
system 
with advanced 
features 
generally 


found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you, the end user. 


Common 
Interface Card 
PC Compatible 
Computer 
(AT/ISA 
Bus) (for Industry Standard Architecture) 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


• 
Host-Interface Card 


Emulator Control Pod 


• 
Target-Specific Emulator Probe 


• 
PC Host Emulation Control Software 


The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DOE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. 
DOE allows data to be dynamically 
trans- 
ferred between two or more Windows programs. 
With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.X, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 
development of multi-microcontroller 
systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


7.3 PRO MATETM:Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable voo and VPPsup- 
plies which allows it to verify programmed memory 
at 
voo min and Voo max for maximum reliability. It has an 
LCD display for displaying error messages, 
keys to 
enter commands 
and a modular detachable 
socket 
assembly to support various package types. In stand 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. 
It can 
also set fuse configuration 
and code-protect 
in this 
mode. Its EEPROM memory holds data and parametric 
information even when powered down. It is ideal for low 
to moderate volume production. 


[P[J®~ 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular 'programming 
socket 
module'. 
Different socket modules are required for 
different 
processor 
types 
and/or 
package 
types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


7.4 
PICSTARTTM 
Programmer 


The PICSTART programmer is an easy to use, very low- 
cost prototype programmer. 
It connects to the PC via 
one of the COM (RS232) ports. 
A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 


7,5 
Assembler 
(MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports 
all 
microcontroller 
series 
including 
the 
PIC16C5X CMOS, PIC16CXX and PIC17CXX families. 


MPASM offers fUlly featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 
assembled code. 


• 
Macro Directives 
control the execution and data 
allocation within macro body definitions. 


7.6 
Software 
Simulator 
(MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers 
on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
extemal stimulus to any of the pins. 
The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an intemal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


7,7 
Development 
Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 7-1: 


TABLE 
7-1: 
DEVELOPMENT 
SYSTEM 
PACKAGES 


item 
Name 
System Description 


1. 
PICMASTERTM PICMASTERIn-CircuitEmulator 
System 
with your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTARTTM 
PICSTARTTM 
Low-CostPrototype 
System 
Programmer,Assembler,Software 
SimulatorandSamples 


7.8 
Probe 
Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE-16B 
PIC16C71 
10 MHZ I 4.5V - 5.5V 
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Absolute Maximum Ratingst 


Ambient temperature under bias ...................................................•...•....................................................... 
-55 to+ 125'C 


Storage Temperature 
- 65'C to +150'C 
Voltage on any pin with respect to Vss (except Voo and MCLR) 
-0.6V to Voo +0.6 V 
Voltage on Voo with respect to Vss 
0 to +7.5 V 
Voltage on MCLR with respect to Vss (Note 2) 
0 to +14 V 
Total power Dissipation (Note 1) 
800mW 
Max. Current out of Vss pin 
150mA 
Max. Current into Voo pin 
100mA 
Input Clamping Current, 11K (VI<Oor VI>VOO) 
±20mA 
Output Clamping Current, 10K (VO<Oor VO>Voo) 
±20mA 
Max. Output Current sunk by any 1/0 pin 
25mA 
Max. Output Current sourced by any 1/0 pin 
20mA 
Max. Output Current sunk by 1/0 PORTA 
80mA 
Max. Output Current sunk by 1/0 PORTS 
: 
150mA 
Max. Output Current sourced by 1/0 PORTA 
50mA 
Max. Output Current sourced by 1/0 PORTS 
100mA 


Notes: 
1. 
Total power dissipation should not exceed 800 mW for the package. 
Power dissipation is calculated as 


follows: 
Pdis = Voo x {Ioo - L loh) + L {(Voo-Voh) x loh} + L(Vol x 101) 


2. 
Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-1oon should be used when applying a 'low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 


tNOTlCE: 
stresses above thos$listed under "Maximum Ratings· may cause permanentdamage to the 


device. This is a stress rating only and functional operation of the device or compliance to AC and DC 
parametric 
cations at those ()!" any otherpondltions al)ovettloS$clnc:j{qatedin the operajonllstlngs 
ofthis 
isnotimPlled.Exposuretomaximumtatingconditionsforextendedperlodsmayaffect 
device reliability. 
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PIC16C71 


8.1 
DC CHARACTERISTICS: 
PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
(unless otherwise 
stated) 
Operating temperature 
-40'C 
$ TA $ + 125'C for automotive, 


-40'C 
$ TA $ + 85'C for industrial and 
O'C 
$ TA $ +70'C for commercial 


Operating voltage 
Voo = 4.0V 
to 6.0V 


Typ 
(Note 1) 
Max 


Voo 
4.0 
6.0 
V 
4.5 
5.5 
V 
RAMData Retention 
VOR 
1.5 
V 
Voltage (Note 2) 
Voostart vonageto 
VPOR 
Vss 
guarantee poweron reset 
Voorise rate to guarantee 
Svoo 
0.05' 
power on reset 
Supply Current (Note 3) 


100 
osc= 4 MHz,Voo= S.SV(Note5) 


Fasc = 32 KHz,Voo= 4.0V,wor disabled, 
LP osc config., AID off (Note6) 


Fasc = 16 MHz,Voo= S.SV,HSosc configuration 
(PIC16C71-16) 
Power DownCurrent 
(Note 4) 
l1A 
Voo= 4.0V,wor enabled,-40'Cto +12S'C 
l1A 
Voo= 4.0V,wor disabled,O'Cto +70'C 
l1A 
Voo= 4.0V,wor disabled,-40'Cto +8S'C 
l1A 
Voo= 4.0V,wor disabled,-40'Cto +12S'C 


Dat 
n ~ 
u 
abeled "Typical" is based on characterization 
results at 25·C. This data is for design 
guid 
ce 0 
and is not tested for, or guaranteed by Microchip Technology. 


This is t 
Ii' 
to which Voo can be lowered in SLEEP mode without losing RAM data. 


The supply 
urrent is mainly a function of the operating voltage and frequency. 
Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an impact 
on the current consumption. 
The test conditions for all 100 measurements in active operation mode are: 


OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Voo, RT = Voo, MCI.R = Voo; WDT 
enabled/disabled as specified. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Voo and Vss. 
For RC osc configuration, current through Rext is not included. 
The current through the resistor can be 
estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


For current contribution due to AID module, see section 8.5. 


Note 2: 
Note 3: 
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DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating temperature 
-40'C 
:STA:S + 12S'C for automotive, 


-40'C 
:STA:S + SS'C for industrial and 
O'C 
:STA:S +70'C for commercial 
Operating voltage 
Voo = 3.0V 
to 6.0V 


Typ 
(Note 1) 
Max 


Voo 
3.0 
6.0 
V 
4.5 
5.5 
V 
RAMData Retention 
VOR 
1.5 
V 
Voltage (Note 2) 
Voostart voltage to 
VPOR 
Vss 
V 
guaranteepower on reset 
Voorise rate to guarantee 
Svoo 
0.05" 
power on reset 
SupplyCurrent (Note3) 


100 


PowerDownCurrent 
(Note4) 
Ipo 


osc = 4 MHz,Voo= 5.5V (Note5) 


Fosc = 32 KHz,Voo= 3.0V,WDTdisabled, 
LPoseeonfig.,AID off Note6 


Voo= 3.0V,WDTenabled,-40'Cto +125'C 
voo = 3.0V,WDTdisabled,O'Cto +70'C 
Voo= 3.0V,WDTdisabled,-40'Cto +85'C 
Voo= 3.0V,WDTdisabled,-40'Cto +125'C 


" These parameters are ch 
acte iz 
Q 
Note 1: 
Data in th 
mn I 
"Typical" is based on characterization 
results at 2S·C. This data is for design 
guidan 
oJJl¥a 
's n 
tested for, or guaranteed by Microchip Technology. 
Note 2: 
This i the~it 
0 wli ch Voo can be lowered in SLEEP mode without losing RAM data. 


Note 3: 
The sup 
cent 
is mainly a function of the operating voltage and frequency. 
Other factors such as 1/0 pin 
loading an 
. ching rate, oscillator type, internal code execution pattern, and temperature also have an impact 


on the current consumption. 
The test conditions for all 100 measurements in active operation mode are: 


OSC 1=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 


Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 


Note S: 
For RC osc configuration, current through Rext is not included. 
The current through the resistor can be 
estimated by the fomnula Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
Note 6: 
For current contribution due to AID modUle, see section 8.S. 
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8.3 
DC CHARACTERISTICS: 
PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16lC71-04 
(COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard Operating Conditions 
(unless otherwise stated) 


Operating 
temperature 
-4O·C ~ TA ~ + 125·C for automotive, 
-40 ~ TA ~ +85·C for industrial 
and O·C ~ TA ~ +70·C for commercial 


Operating 
voltage 
Voo range as described 
in DC spec table 8.1 


DC CHARACTERISTICS, 
ALL PINS EXCEPT POWER SUPPLY 


Input Low Voltage 


I/O ports 
MCLR, TOCKI,OSC1 
(in RC configuration) 


OSC1 (in XT, HS and LP 
configuration) 


Input High Voltage 
I/O ports 


MCLR, TOCKI,OSC1 
(in RC configuration) 
OSC1 (in XT, HS or LP 
configurations) 


Input Leakage Current 
(Notes 3, 4) 
I/O port RB 
I/O port RA 
MCLR, TOCKI 
OSC1 


Output Low Voltage 
I/O Ports 


OSC2ICLKOUT 
(RC osc configuration) 


Typ 
Max 
Units 
(Note 1) 


VIL 
Vss 
Vss 


Vss 


VIH 
0.36 voo 
0.4S voo 
0.8S Voo 


0.7 Voo 


IlL 


0.2 Voo 
V 
0.2 Voo 
V 


Vss ~ VPIN~ Voo. Pin at hi-impedance 
Vss ~ VPIN~ Voo. Pin at hi-impedance 
Vss ~ VPIN~ VOO 
Vss ~ VPIN~ Voo , XT, HS and LP osc 
configuration 


10L= 8.S mA, Voo = 4.SV, -40"C to +8S"C 
10L= 7.0 mA, Voo = 4.SV, -40·C to +12S"C 
10L= 1.6 mA, Voo = 4.SV, -40"C to +8S·C 
IOL= 1.2 mA, voo = 4.5V, -40"C to +12S"C 


Voo-0.7 
Voo-0.7 
Voo-Q.7 


Voo-Q.7 


10H= -3.0 mA, Voo = 4.SV, -40"C to +8S"C 
10H= -2.S mA, Voo = 4.SV, -40"C to +12S"C 
10H= -1.3 mA, Voo = 4.SV, -40"C to +8S"C 
10H= -1.0 mA, Voo = 4.SV, -40"C to +12S"C 


Note 1: Data in the column labeled "Typical" 
is based on characterization 
results at 25" C. This data is for design guidance 
only and is not tested 
for, or guaranteed 
by Microchip 
Technology. 


Note 2 : In RC oscillator 
configuration, 
the OSC1 
pin is a Schmitt trigger 
input. 
It is not recommended 
that the PIC16C71 


be driven with external 
clock in RC mode. 


Note 3 : The leakage 
current 
on the MClR 
pin is strongly 
dependent 
on the applied 
voltage 
level. The specified 
levels 


represent 
normal operating 
conditions. 
Higher 
leakage 
current 
may be measured 
at different 
input voltages. 


Note 4 : Negative 
current 
is defined 
as coming 
out of the pin. 
Note 5 : RA41T0CKI 
open collector 
output. 
Maximum 
pull-up 
voltage 
= Voo. 
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8.4 AC CHARACTERISTICS: 
PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


External ClOCKIN 
Frequency (Note 2) 


Oscillator Frequency 
(Note 2) 


Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating 
temperature 
-40'C 
~ TA ~ +125'C 
for automotive, 


-40 ~ TA ~ +85'C 
for industrial 
and O'C ~ TA ~ +70'C 
for commercial 
Operating 
voltage 
Voo range as described 
in DC spec table 8.1 


Sym 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
1) 


Fosc 
1 
Fosc 
DC 
Tcy 
0.25 
Instruction Cycle Time 
Note 2 
External Clock in Timing 
(Note 4) 
Clock in (OSC1) High or low Time 
XT oscillator type 
LP oscillator type 
HS oscillator type 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type 
LP oscillator type 
HS oscillator 
e 
RESETTiming 
MCLR Pulse Width 
low 
TMRO Input Timing, No Prescaler 
TOCKIHigh Pulse Width 
i 
TMRO Input Timing, With P 
TOCKIHigh Pulse Width 
TOCKILow Pulse Wid 
TOCLIPeriod 


TCKHLXT 
TCKHLLP 
TCKHLHS 


10' 
10' 
TCY+40 
N 


TOST 


TPWRT 
1024 tosc 
ms 
tosc = OSC1 period 
72 
132 
ms 
Voo = 5V -40'C to +125'C 


TioV2ckH 
0.25 Tcy+ 30 
TckH2ioi 
0 
TioV2ckL 


• These 
parameters 
are characterized 
but not tested. 
For notes refer to top of page 54. 


ns 
ns 
40 
ns 
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PIC16C71 


Note 1: 
Oata in the column labeled 'Typical' is based on characterization results at 2S'C. This data is for design guidance only and is not tested for, or guaranteed by 


Microchip Technology. 


Note 2: 
Instruction eycle period (Tey) equals four times the input oscillator time base period. 


All specified values are based on characterization data for that particular oscillator type under standard operating conditions with the device executing code. 


Exceeding these specified limits may resutt in an unstable oscillator operation and/or higher than expected current consumption. All devices aretested to operate 


at'min.' 
values with an external clock applied to the OSC1 pin. 


When an external clock Input Is ulld, 
the 'Mil.' cycle lime limit Is "DC" (no clock) lor all devlcn. 


Note 3: 
For a detailed explanation of TMRO input clock requirements see section S.4.1. 


Note 4: 
Clock-in high-time is the duration for which clod< input is at VIHOSC or higher. Clock-in low-time is the duration for which clod< input is at VIHOSC or lower. 


8,5 
AID CONVERTER 
CHARACTERISTICS: 
PIC16C71-04 (COMMERCIAl/lNDUSTRIAl, 
AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAl/lNDUSTRIAl, 
AUTOMOTIVE) 
PIC16lC71-04 
(COMMERCIAl/INDUSTRIAL, 
AUTOMOTIVE) 


Characteristic 
Sym 
Min 
Typ 
Max 
(Note 1) 


Resolution 
NR 
Integral error 
NINT 


Differential 
error 
NOIF 


Full scale error 
NFS 


NOFF 


ADCS1,O = 00 (for tose ~ 1 lIS) 
ADCS1,O = 01 (for tose ~.25 
lIS) 
ADSC1,O = 10 (for tose ~ 62.5 ns) 
ADSC1,O = 11 (RC oseillator 
source is selected) 


AID conversion 
current 
Voo 
VREFinput current 
Note 4 


lIS 
e minimum time IS t e amp I ler 


settling time. This may be used of the 
'new' 
input voltage has not changed 


by more than 1 Lsb (Le. 20mV @ 
5.12V) from the last sampled voltage 
(as stated on C~. 


J.lA 
Average current consumption 
when AID is on Note 3 
mA 
During charging 
All other times 


Note 1: 
All entries in the 'typ' column are at SV, 2S'C unless otherwise stated. 


Note 2: 
The error will be more for lower 
VRf.F and/or 
lower Voo. 


Note 3: 
When WD is all, ~ will not consume any current other than minor leakage current. The power down current spec includes any such leakage from the WD module. 


Note 4: 
VRE'current is from RA3 pin or Voo pin, whichever is selected as reference input. 
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8.6 
AID CONVERTER 
CHARACTERISTICS: 


Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating temperature 
-40'C ~ TA ~ +12S"C for automotive, 
AC CHARACTERISTICS 
-40 ~ TA ~ +8S"C for industrial 
and O"C~ TA ~ +70'C for commercial 
Operating voltage Voo range as deseribed in DC spec table 8.1 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Resolution 
NR 
8 Bits 
• 


Integral error 
NINT 
less than 
±2 LSB 
Differential 
error 
NOIF 
less than 
±2 LSB 
Full scale error 
NFS 
less than 
±2 LSB 
Offset error 
NOFF 
less than 
±2 LSB 
Monotonlci 
uaranteed 
Reference 
voltage 
VREF 3.0 V 
Analog input voltage 
VAIN 
Vss- 0.3 
Recommended 
impedance 
of analog 
ZAIN 
voltage 
source 
AID clock period 
tad 
ADCS1,O = 00 (for tose ~ 1 lIS) 
ADCS1,O = 01 (for tose ~.2Sl1s) 
ADSC1,O = 10 (for tose ~ 62.5 ns) 
3.0 
ADSC1,O = 11 (RC oseillator 
source is selected 
Conversion 
time 
TCNV - 
(not including 
SIH time) 
Sampling 
time 
TSMP 5 
lIS 
The minimum time is the amplifier 
settling time. This may be used of the 
'new' input voltage has not changed 
by more than 1 Lsb (Le. 20mV @ 
S.12V) from the last sampled voltage 
(as stated on C 
I1A 
Average current consumption 
when AID is on Note 3 
1 
mA 
During charging 
10 
All other times 


Note1: All entriesin the 
lumn areat SV,2S"Cunlessotherwisestated. 


Note2: Thesespecificationsapplyif VREF= 3.0V andif Voo~ 3.0V. 
Note3: WhenAID is off, it will not consumeany current otherthan minor leakagecurrent. Thepower-downcurrent specincludes 
any such leakagefrom the AID module. 


Note4: VREFcurrent is from RA3pin or Voopin, whicheveris selectedas referenceinput. 
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I" 
s 
on characterization results at 25·C. This data is for design guidance only and 
is not tested for, or g 
d b 
IC chip Technology. 
Instruction cycle 
i~(T 
a 
our times the input oscillator time base period. 
All specified val 
s atlufas 
do 
haracterization data for that particular oscillator type under standard operating conditions 


with the dev' 
tin 
0 
. Exceeding these specified limits may result in an unstable oscillator operation and/or higher 
than eXIl 
~rr 
nt 
umption. All devices are tested to operate at ·min." values with an external clock applied to the 
OSC1 p 
V 


When an e 
rn 
locllinput 
Is used, the "Max.· cycle time limit is "DC" (no clocll) for all devices. 
For a detailed 
anation of RTCC input clock requirements see section 5.4.1. 


Clock-in high-time is the duration for which clock input is at VIHOSCor higher. Clock-in low-time is the duration for which 
clock input is at VIHOSCor lower. 
All AC parameters are tested or characterized with these capacitive loads. 
CLKOUT is available only in RC oscillator mode. 


I/O Timing (cont) 


110 Pin Input Valid Before osci 
(I/O Setup Time) 
OSC1i to 110 pin input invalid 
(I/O hold time) 
OSC1i to I/O pin output valid 
I/O pin output rise time 
I/O pin output fall time 
Interrupt Timing 
INT pin high or low time 
RB <7:4> input change time for interrupt 
to be reco nized 
Capacitive Loading Specs on Output Pins 
OSC2 pin 


Note 3: 
Note 4: 


Note 5: 
Note 6: 


PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16lC71-04 
(COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating 
temperature 
-4O'C ~ TA ~ + 12S'C for automotive, 
-40 ~ TA ~ +85'C 
for industrial 
and O·C ~ TA ~ +70'C 
for commercial 


Operating 
voltage 
Voo range as described 
in 0 
s ec table 8.1 


Sym 
Min 
Typ 
Max 
Units 
(Note 1) 


TioV2osH 


TosH2ioL 


TosH2ioV 


TioR 


TioF 


In XT, HS and LP modes, when 
external clock is used to drive 
OSC1. 
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FIGURE 8.1 • ELECTRICAL STRUCTURE OF 


I/O PINS (RS) 
FIGURE 8.2 - ELECTRICAL STRUCTURE OF 
I/O PINS (RA) 


-L 


N 


FIGURE 8.3 - ELECTRICAL STRUCTURE OF 
MCLR AND RTCC PINS 


Notes to Figures 8.1 and 8.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed 
to protect against ESD (Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect 
the input buffer from ESD. 
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TRTLi 
F 
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~ 
~::: 
"- 


;......: 
TosH2ckH 
~ 
: 


i- TckF 
: 
TloV20SH 
~Tckl2ioV 


~TckR 


:.. 
.: 


TosH2iOV i 


~;..- 


TlOR, TlOF 


Notes: 
1. All timings are tested with specified capacitive loads 
2. CL.KOUT Is available only in RC oscillator modIe 
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10.0 DC & AC CHARACTERISTICS 
GRAPHSrr ABLES 


FIGURE 10.1 • TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. 
In 
some graphs 
or tables the data presented 
are out- 
side specified 
operating 
range (e.g. outside 
speci- 
fied Voo range). 
This 
is for information 
only and 
devices 
are guaranteed 
to operate 
properly 
only 
within 
the specified 
range. 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over a 
period of time. 
'Typical' represents the mean of the 
distribution while 'max' or 'min' represents (mean + 3s) 
and (mean - 3s) respectively where s is standard devia- 
tion. 
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FIGURE 10.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 
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TABLE 10.1 - 
RC OSCILLATOR 
FREQUENCIES 
FIGURE 10.4· 
TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 


Average 


Fosc @ SV.2S"C 


8.0 


7.0 


6.0 


5.0 
N 
.c; 
~ 
S 
4.0 
u. 


3.0 


2.0 


1.0 


0 


- 
- - 
R=3.3k-= 
---- --I--- - 
R=4.7k 


;----""- 


R=1Ok- 


Cext = 300pF, T = 25'C 


R=100k 


4.7k 
10k 
100k 


4.52 MHz 
2.47 MHz 


290.86 KHz 


± 17.35% 
± 10.10% 
± 11.90% 


±9.43% 


±9.83% 
± 10.92% 
± 16.03% 


± 10.97% 
± 10.14% 
±10.43% 
± 11.24% 


e 
ag 
variation indicated here is part to part 


o normal process distribution. 
The varia- 


ed is ±3 standard deviation from average 


rVoo = 5V. 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 


Vw (Volts) 


FIGURE 10.6 - TYPICAL Ipd vs Voo 
WATCHDOG ENABLED 25"C 


FIGURE 10.5 - TYPICAL Ipd vs Voo 
WATCHDOG DISABL: 
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FIGURE 10.7 - MAXIMUM Ipd vs Voo 
WATCHDOG DISABLED 


O·C. 


-- 
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FIGURE 10.8 - MAXIMUM Ipd vs Voo 
WATCHDOG ENABLED· 
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cent 
which increases with higher temperature 
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e 
emperature. 
At -40·C. the latter dominates explaining the 
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FIGURE 
10.11 - VTH (INPUT 
THRESHOLD 
VOLT 
vs Voo 
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FIGURE 10.14· WDT Timer Time-out e· 
FIGURE 10.15· Transconductance (gm) of 
vs Voo 
HS Oscillator vs Voo 
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FIGURE 
10.16 - Transconductance 
(gm) of 
LP Oscillator 
vs Voo 
FIGURE 
10.17 - Transconductance 
(gm) of 
XT Oscillator 
vs Voo 
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« 50 
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OSC2ICLKOUT 
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• 
All capacit 
ceQI 


part variatio 
f -l' 


should be taken' 


s are typical at 25"C. A part to 
% (three standard deviations) 
account. 
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See Section 11 of the Data Book. 


11.1 package Marklna Information 


MMMMMMMMMMMMXXX 
o MMMMMMMMXXXXXXX 
~AABB 
CDE 


MMMMMMMMMMMM 


MMMMMMMMMMMM 


O~AABB 
CDE 


PIC16C71- 
o 20E/P 
~245 
CBA 


PIC16LC71- 
041/50218 


'O~9218 
CAA 


O 


PIC16LC71 


~ 
04I/JW 


- 
9230 
CAA 


MM 
M 
XX 
X 
AA 
BB 
C 


Microchip part number information 
Customer specific information· 
Year code (last 2 dig~s of calendar year) 
Week code (week of January 1 is week '01') 
Facil~y code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip part number can not be marked on one 
line, ~ will be carried over to the next line thus limiting the number 
of available characters for customer specific information . 


• Standard OTP marking consists of Microchip part number, year code, week code, 


facility code, mask rev #, and assembly code. 
For OTP marking beyond this, 


certain price adders apply. 
Please check with your Microchip Sales Office. 
For 
aTP devices, any special marking adders are included in aTP price. 


~[J@~ 
OmJilO(Jl)@[JW 
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PIC16C71 


The PIC16C71 is programmed using one of two meth- 
ods, serial or parallel. 
The serial mode will allow the 
PIC16C71 to be programmed while in the users system 
using only five pins: Voo, Vss, MCLRNpp, 
RB6 and 
RB7. This allows for increased design flexability. 
The 
parallel mode will provide faster programming as the 
data is loaded into the PIC16C71 with a greater through- 
put. 
Either mode may be selected at the start of the 
programming process. The parallel mode is intended for 
programmers. 
In either mode, both program and data 
memory can be programmed. 
You can get complete 
programming information inthe PIC16C6Xf7X program- 
ming specification (DS30228C). 


~ 
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The following 
are the list of modifications 
over the 
PIC16C5X microcontroller family: 


1. 
Instruction word length is increased to 14 bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 


2. 
A PC high latch register (PCLATH) is added to 
handle program memory paging. 
PA2, PA1, PAO 
bits are removed from status register. 


3. 
Data memory paging is redefined slightly. 
Status 
register is modified. 


4. 
Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 


Two instructions 
TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5X. 


5. 
OPTION and TRIS registers are made addressible. 


6. 
Interrupt capability is added. Interrupt vector is at 
0004h. 


7. 
Stack size is increased to eight deep. 


8. 
Reset vector is changed to OOOOh. 


9. 
Reset of all registers is revisited. 
Five different 
reset (and wake-up) types are recognized. 
Regis- 
ters are reset differently. 


10. 
Wake up from SLEEP through interrupt is added. 


11. 
Two separate timers Oscillator Start-up Timer (OST) 
and Power-up Timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


12. 
PORTB has weak pull-ups and interrupt on change 
feature. 


13. 
RTCC pin is also a port pin (RA4) now. 


14. 
Location 07h (PORTC) is unimplemented and not 
a general purpose register. 


15. 
FSR is made a full 8-bit register. 


16. 
'In system programming' 
is made possible. 
The 
user can program the PIC16C71 using only five 
pins: Voo, Vss, MCLR/Vpp, RB6 (clock) and RB7 
(data in/out). 


To convert code written for PIC16C5X to PIC16C71, the 
user should take the following steps: 


1. 
Remove any program memory page select opera- 
tions (PA2, PA1, PAO bits) for CALL, GOTO. 


2. 
Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


3. 
Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them . 


4. 
Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


5. 
Change reset vector to OOOOh. 


6. 
Note that location 07h is an unimplemented data 
memory location. 
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Connect world wide to the Microchip BBS using the 
CompuServe communications network. 
In most cases 
a local call is your only expense. 
The Microchip BBS 
connection 
does not use CompuServe 
membership 
services, therefore 
you 
do not 
need CompuServe 
membership 
to Join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 
agent for details if you have a problem. 
CompuServe 
services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the nonmal CompuServe setting 
which is 7E1. 


3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 
nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E 1and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. 
After the system responds with Host 
Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 
tions. 


For voice infonmation (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PIC is a registered 
trademark 
of Microchip 
Technology 
Incorporated 
in the U.S.A. 


The Microchip logo and name are trademarks of Microchip 
Technology 
Incorporated. 


PICMASTER, 
PICSTARTand 
PRO MATE are trademarks 
of Microchip Technology 
Incorporated. 


IBM PC and AT are trademarks 
of IBM Corporation. 


MS-DOS 
and Microsoft 
Windows 
are registered 
trade- 
marks of Microsoft Corporation. 


CompuServe 
is a registered trademark of CompuServe 
Inc. 


All other trademarks 
mentioned herein are the property of 
their respective companies. 


[?)[f@ ~0 [Ji]j) 0(nJ@[fW 
2-397 


• 


PIC16C71 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. -XX 
X /XX XXX~- 


3-Digit Pattem Code for OTP/SOTP 
(blank for OTP and Windowed Parts) 


Package: 
P 
Examples: 


= 
a) PIC16C71 - O41P301 
SO = 
= Commercial temp., 
.IN = 
PDIP package, 
. 
+70'C (T for tape/reel) 
4 MHz, normal Voo limits, 
ITemperature 
- 
= 
O'C 
t> 
OTP pattern # 301 
Range: 
I 
= 
-40'C 
10 +85'C (5 lor tape/reel) 
b) PIC16LC71- 0411S0 
E 
= 
-40'C 
10 +125'C 
= Industrial temp., 
iFrequency 
04 
SOIC package, 


= 
4 MHz, extended Voo limits, 


Range: 
16 = 
c) PICl6C71 
-16EIP 


• 
I' 
PIC16C71 
= Automotive temp., 
IDevce. 
PDIP package, 


PIC16LC71 
16 MHz, normal Voo limits 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine ~ an errata sheet exists for a particular device, please contact one of the following: 


1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate L~erature Center 
U.S. FAX: (602) 786·7277 
3. 
The Microchip'S Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include L~erature #) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP 


40-Pin EPROM-Based 8-Bit CMOS Microcontroller 
PIC16C74 


High-Performance 
RISC-lIke CPU 
• 
Only 35 single word instructions 
to learn 
• 
All single 
cycle instructions 
(200ns) 
except 
for program 
branches which are two-cycle 
• 
Operating 
speed: 
DC - 20 MHz clock input 
DC - 200 ns instruction 
cycle 
4096 x 14 on-chip 
EPROM program 
memory 
• 
192 x 8 general purpose 
registers 
(SRAM) 
• 
Interrupt 
capability 
• 
45 special function 
hardware 
registers 
• 
Eight levels deep hardware 
stack 
• 
Direct, indirect and relative addressing 
modes 
Peripheral 
Features 
• 
33 I/O pins with individual 
direction 
control 
• 
High current sink/source 
for direct LED drive 
• 
Two pins that can be configured 
as capture input, 
PWM output, or compare 
output 
- Capture is 16-bit, max resolution 
200ns 
- Compare is 16-bit, 
max resolution 
200ns 


- PWM resolution 
is 1- to 10-bit. 
8-bit resolution 
gives 80 KHz maximum 
frequency 
and 
10-bit resolution 
gives 20 KHz maximum 
frequency 
• 
TMR1: 16-bit timer/counter 
(time-base for capture/compare) 
TMR1 can be incremented 
during sleep via external crystal/ 
clock (for real-time clock) 
• 
TMR2: 8-bit timer/counter 
with 8-bit period register 
(time- 
base for PWM), prescaler and postscaler 
• 
TMRO: 8-biltimer/counterwith8-bitprogrammable 
prescaler 
• 
8-bit NO converter 
with eight input channels 
- 1611Sec conversion 
time/channel 
• 
Serial Communications 
Interface 
(SCI) 
- Full-duplex 
Asynchronous 
Communication 
or Half- 
Duplex Synchronous 
Communication 
• 
Synchronous 
serial port (SSP) with two modes of operation: 


- 3-wire SPI 
- I'CTM/ACCESS.bus compatible 
__ 
• 
Par<!!1.eJSlave Port (PSP): 8-bit wide, with external RD, WR 
and CS controls (microprocessor 
bus interface) 
Special 
Microcontroller 
Features 
• 
Power-on 
Reset (POR) 
• 
Power-up Timer (PWRT) and Oscillator Start-up Timer(OST) 
• 
Watchdog 
Timer (WOT) with its own on-chip 
RC oscillator 
for reliable operation 
• 
Security 
EPROM fuse for code-protection 
• 
Power saving SLEEP mode 
• 
EPROM fuses selectable oscillator 
options: 
(RC oscillator, 
Standard crystal/resonator, 
High speed crys- 
tal/resonator, 
Low frequency 
crystal) 
• 
Serial in-system 
programming 
(via two pins) 
CMOS Technology 
• 
Low-power, 
high-speed 
CMOS EPROM technology 
• 
Fully static design 
• 
Wide-operating 
voltage range (2.5V to 6.0V) 
• 
Commercial, 
Industrial, 
and Automotive 
Temp. Range 
• 
Low power consumption 
- < 2mA @ 5V, 4 MHz 
- 151lA typical @ 3V, 32 KHz 
- <11lA typical 
standby 
current 


PDIP, 
Windowed 
CERDIP 
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The PIC16C74 is another 40-pin member olthe versatile 
PIC16CXX family of low-cost, high-performance, CMOS, 
fully-static, EPROM-based 8-bit microcontrollers. 


All PIC microcontrollers employ an advanced RISC-like 
architecture. 
The PIC16CXX has enhanced core fea- 
tures, eight-level deep stack, and multiple intemal and 
external interrupt sources. The separate instruction and 
data buses of the Harvard architecture allow a 14-bit 
wide instruction word with the separate 8-bit wide data. 
The two stage instruction pipeline allows all instructions 
to execute ina single cycle, exceptfor program branches 
(which require two cycles). 
A total of 35 instructions 
(reduced instruction set) are available. 
Additionally, a 
large register set gives some of the architectural innova- 
tions 
used 
to achieve 
a very 
high 
performance. 
PIC16CXX microcontrollers typically achieve a 2:1 code 
compression and a 4:1 speed improvement over other 
8-bit microcontrollers in its class. 


The PIC16C74 has 192 bytes of RAM and 33 VO pins. 
In addition, the PIC16C74 adds several peripheral fea- 
tures useful in many high performance 
applications 
including; 
three timer/counters, two capture/compare/ 
PWM modules and two serial ports. The synchronous 
serial port can be configured as either a 3-wire Serial 
Peripheral Interface (SPI) orthetwo-wire Inter-Intergrate 
Circuit (I2C) bus. The Serial Communicatons 
Interface 
can be configured as either synchronous or asynChro- 
nous (USART). 
An 8-bit Parallel slave port is provided 
and eight channels of high-speed 8-bit AID. The 8-bit 
resolution is ideally suited for appplications requireing 
low-cost analog interface, e.g. thermostat control, pres- 
sure sensing, etc. 


These special features reduce external components, 
thus reducing cost, enhancing system reliability and 
reducing power consumption. 
There are four oscillator 
options, of which the single pin RC oscillator provides a 
low-cost solution, the LP oscillator minimizes 
power 
consumption, XT is a standard crystal, and the HS is for 
High Speed crystals. The SLEEP (power- down) mode 
offers power saving. The usercan wake up the chip from 
SLEEP through several external and internal interrupts 
and reset. 


A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software mal- 
function. 


A UV-erasable cerdip-packaged version is ideal for code 
development 
while the cost-effective 
One-Time 
Pro- 
grammable (OTP) version is suitable for production in 
any volume. 


Table 1-1 shows the features ofthe PIC16C74 as well as 
the other members of the PIC16CXX enhanced core 
family. 


A simplified block diagram of the PIC16C74 is shown in 
Figure 3-1. 


The PIC16C74 fits perfectly in applications ranging from 
high speed automotive and appliance motor control to 
low-power 
remote sensors, 
keyboards 
and telecom 
processors. The EPROM technology makes customiza- 
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint 
packages make this 
microcontroller 
series perfect for all applications with 
space limitations. 
Low-cost, 
low-power, 
high perfor- 


mance, ease of use and I/O flexibility make the PIC16C74 
very versatile even in areas where no microcontroller 
use has been considered before (e.g. timer functions, 
replacement of "glue" logic in larger systems, co-proces- 
sor applications). 


1.1 Family and Upward Compatibility 


Those users familiar with the PIC16C5X family of micro- 
controllers will realize that this is an enhanced version of 
the PIC16C5X architecture. 
Please refer to AppendiX A 
for a detailed list of modifications. 
Code written for 
PIC16C5X can be easily ported to PIC16CXX family of 
devices (see Appendix B). 


1.2 Development Support 


The PIC16CXX family is supported by a full-featured 
macro assembler, 
a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
production quality programmer. 
A 'C' 
compiler and 
fuzzy logic support tools are in development. 
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PIC16C14 
> 
PIC16C64 t 
PIC16C71t 
PIC16C84t 


Maximum Frequency of Operation 
20 MHz 
20 MHz 
16 MHz 
10 MHz 
I EPROM 
4K 
2K 
1K 
- 
Program Memory (14-bit wide) I 
1K 
EEPROM 
. 
- 
- 


Data Memory (bytes) 
192 
128 
36 
36 


Data EEPROM (bytes) 
. 
- 
- 
64 


Timer 0 (8-bit + 8-bit prescaler) 
Yes 
Yes 
Yes 
Yes 


Timer 1 (16-bit) 
Yes 
Yes 
. 
- 


Timer 2 (8-bit) 
Yes 
Yes 
- 
- 


CapturelCompare/PWM 
Module(s) 
2 
1 
- 
- 


Synchronous Serial Port (SPIII2C) 
Yes 
Yes 
- 
- 


Serial Communications 
Interface (USART) 
Yes 
- 
- 
- 


Parallel Slave Port 
Yes 
- 


Analog to Digital Converter (8-bit) 
- 
4 ch. 
- 


Power On Reset 
Yes 
Yes 
Yes 
Yes 


Watchdog Timer 
Yes 
Yes 
Yes 
Yes 


Extemallnterrupts 
Yes 
Yes 
Yes 
Yes 


Interrupt Sources 
12 
8 
4 
4 


Program Memory Code Protect 
Yes 
Yes 
Yes 
Yes 


1/0 
33 
33 
13 
13 


1/0 High Current Capability 
I Source 
25mA 
25mA 
20mA 
20mA 
I Sink 
25mA 
25mA 
25mA 
25mA 


4().pIn DIP, 
40-pin DIP, 
18-pin DIP 
18-pin DIP 
Package Types 
44-pin PLCC. 
44-pin PLCC, 
18-pin SOIC 
18-pin SOIC 
44-pin PaFP 
44-pin PQFP 
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2.0 PIC16C74 DEVICE VARIETIES 


A variety of frequency ranges and packaging options are 
available. 
Depending 
on application 
and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the ·PIC16C7 4 Product Iden- 
tification System' on the back page of this data sheet to 
specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes etc. Microchip's 
PICSTARTTMand PRO MATE 
N programmers both sup- 
port programming of the PIC16C74. 


2.2 One-Time-Programmable (OIP) Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. 
In addition to the 
program memory, the configuration fuses must be pro- 
grammed. 


2.3 Quick-Iurnaround-Production 
(QIP) 
Devices 


Microchip offers a QTP Programming Service for factory 
production orders. 
This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code pattems have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. 
Please contact your Microchip 
Technology sales office for more details. 


2.4 Serialized Quick-Iurnaround-Productlon 
(SQIP) Devices 


Microchip offers the unique programming service where 
a few user-defined 
locations in each device are pro- 
grammed 
with different 
serial numbers. 
The serial 
numbers may be random, pseudo-random or sequen- 
tial. 


Serial programming allows each device to have a unique 
number which can serve as an entry-eode, password or 
10 number. 


The high performance of the PIC16CXX family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16CXX uses a Harvard architecture, in which, 
program and data are accessed from separate memo- 
ries. This improves 
bandwidth 
over traditional 
Von- 
Neuman 
architecture 
where 
program 
and data are 
fetched from the same memory. 
Separating program 
and data memory further allows instructions to be sized 
differently than a-bit wide data word. 
Instruction op- 
codes are 14-bit wide making it possible to have all 
single word instructions. A 14-bit wide program memory 
access bus fetches a 14-bit instruction in a single cycle. 
A two-stage pipeline overlaps fetch and execution of 
instructions (see Figure 3-1). Consequently, all instruc- 
tions (35) execute in a single cycle (200ns @ 20 MHz) 
except for program branches. 


The PIC16C74 addresses 4K x 14 program memory 
space, all on-ehip. 
Program execution is in intemal 
memory only. 


The PIC16CXX can directly or indirectly address its 
register files or data memory. 
All special function 
registers including the program counter are mapped in 
the data memory. The PIC16CXX has a fairly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad- 
dressing mode. This symmetrical 
nature and lack of 
'special optimal situations' make programming with the 
PIC16CXX simple yet efficient. In addition, the learning 
curve is reduced significantly. 


The PIC16CXX device contains an B-bit ALU and work- 
ing register. 
The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions be- 
tween data in the working register and any register file. 


The ALU is B-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. 
Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. 
In two-operand 
instructions, typically one 
operand is the working register (W register). The other 
operand is a file register or an immediate constant. 
In 
single operand instructions, the operand is either the W 
register or a file register. 


The W register is an B-bit working register used for ALU 
operations. 
It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow out bit in subtraction. 
See the 
SUBLW and SUBWF instructions for examples. 


A simplified block diagram is shown in Figure 3-1, with 
a description of the device pins in Table 3-1. 
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EPROM 


Program 
MemOlY 
4Kx 
14 


Power-up 
Timer 


Oscillator 
Start-up 
Timer 
Power~ 
Reset 


Watchdog 
Timer 


Data Bus <8> 
Port A 


RAO/ANQ-RA3IAN3 


RAM 
RA4ITOCKI 


File 
Registers 
RA5IAN4ISS 


192x8 


RBOIINT • 
RB1-RB7 


RC0IT10SOlT1CKI 


RC1fT10SVCCP2 


RC2ICCP1 


RC3ISCKlSCL 


RC4ISDVSDA 


RC5/SDO 


RC6'TXICK- 
RC7/RXlDT 


RDo-RD71 
PSPo-PSP7 


PortE 


REOIRO/AN5 


RE1IWRlAN6 


RE2lCSlAN7 
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Pin 


Name 
DIP PLCC PQFP VO/P 
Buffer 
Description 
No. 
No. 
No. 
Type 
Type 


OSC1/CLKIN 
13 
14 
30 
I 
CMOS 
Oscillator crystal input/external clock source input. 


OSC2ICLKOUT 
14 
15 
31 
0 
- 
Oscillator crystal output. 
Connects to c~tal 
or resonator 
in ~tal 
oscillator mode. In RC mode, 
SC2 pin outputs 
CL 
UT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 
-- 
MQRNpp 
1 
2 
18 
lIP 
ST 
Master clear (reset) inpuvpr~ramming 
voltage input. 


This pin is an active low rese to the device. 


PORTA is a bidirectional 1/0 port. 
RAOIANO 
2 
3 
19 
I/O 
TTL 
Analog input 0 


RA1/AN1 
3 
4 
20 
I/O 
TTL 
Analog input 1 


RA2IAN2 
4 
5 
21 
I/O 
TTL 
Analog input 2 


RA3IAN3 
5 
6 
22 
1/0 
TTL 
Analog input 3 


RA4ITOCKI 
6 
7 
23 
1/0 
ST 
Can also be selected to be the clock input to the TMRO 
- 
timer/counter. 
Output is open collector type. 


RA5IAN4/SS 
7 
8 
24 
1/0 
TTL 
Can also be the slave select for the synchronous serial 
port or analog input 4. 


PORTB is a bidirectional 1/0 ~ort. Port B can be software 
programmed for internal wea 
pull-up on all inputs. 


RBOIINT 
33 
36 
8 
110 
TTUST 
RBOIINT can also be selected as an external interrupt 
pin. 


RB1 
34 
37 
9 
1/0 
TTL 


RB2 
35 
38 
10 
1/0 
TTL 


RB3 
36 
39 
11 
1/0 
TTL 


RB4 
37 
41 
14 
1/0 
TTL 
Interrupt on change pin. 


RB5 
38 
42 
15 
1/0 
TTL 
Interrupt on change pin. 


RB6 
39 
43 
16 
1/0 
TTUST 
Interrupt on change pin. Serial programming clock. 


RB7 
40 
44 
17 
I/O 
TTUST 
Interrupt on change pin. Serial programming data. 


Legend: 
I = input, 
0 = output, 
1/0 = inpuVoutput, 
P = power; 
- 
= Not used, 
TTL = TTL input, 
ST = SChmitt trigger input 
t This buffer is a SChmitt triger input when configured as the external interrupt. 
:I: This buffer is a SChmitt Trigger input when used in serial programming 
mode. 
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Pin 


Name 
DIP 
PLCC 
PQFP VO/P 
Buffer 
Description 
No. 
No. 
No. 
Type 
Type 


PORTC is a bidirectional 110 port. 


RCOlT10S01 
15 
16 
32 
110 
ST 
RCOfT10S0fT1CKI 
can also be selected as a Timer1 
T1CKI 
oscillator outputfTimer1 clock input. 


RCOlT10SI1 
16 
18 
35 
110 
ST 
RCOfT1OSI/CCP2 can also be selected as a Timer1 
CCP2 
oscillator input or Capture 2, input!Compare 2 output! 
PWM 2 output. 


RC2ICCP1 
17 
19 
36 
110 
ST 
RC2ICCP1 can also be selected as a capture1 input! 
compare1 output!PWM1 output. 


RC3ISCKlSCL 
18 
20 
37 
110 
ST 
RC3ISCKlSCL can also be selected as the 
synchronous serial clock for both SPI and 12Cmodes. 


RC4/SDI/SDA 
23 
25 
42 
110 
ST 
RC4/SDI/SDA can also be selected as the SPI Data In 
(SPI mode) or data 110 WC mode). 


RC5/SDO 
24 
26 
43 
110 
ST 
RC5/SDO 
can also be selected as the SPI Data Out 
(SPI mode). 


RC6ITXICK 
25 
27 
44 
110 
ST 
RC61TX1CKcan also be selected as Asynchronous 
Transmit or SCI Synchronous Clock 


RC7/RXlDT 
26 
29 
1 
110 
ST 
RC7/RXlDT can also be selected as the 
Asynchronous Receive or SCI Synchronous Data 


PORTO is a bidirectional 110 port or parallel slave port for 
interfacing to a microprocessor bus. 


RDO/PSPO 
19 
21 
38 
110 
STITTL§ 


RD1/PSP1 
20 
22 
39 
110 
STITTL§ 


RD2IPSP2 
21 
23 
40 
110 
STITTL§ 


RD3IPSP3 
22 
24 
41 
110 
STITTL§ 


RD4/PSP4 
27 
30 
2 
110 
STITTL§ 


RD5/PSP5 
28 
31 
3 
110 
STITTL§ 


RD6/PSP6 
29 
32 
4 
110 
STITTL§ 


RD7/PSP7 
30 
33 
5 
110 
STITTL§ 


REOIRD/AN5 
8 
9 
25 
110 
STITTL§ 
Bidirectional 110 pin, read control for parallel slave port, or 
analog input 5 . 


RE1/WRlAN6 
9 
10 
26 
110 
STITTL§ 
Bidirectional 110 pin, write control for parallel slave port, or 
analog input 6. 
- 
110 
STITTL§ 
Bidirectional 110 pin, select control for parallel slave port, or 
RE2ICS/AN7 
10 
11 
27 
analog input 7. 


Vss 
12,31 
13,34 
6,29 
P 
- 
Ground reference for logic and 110 pins. 


Voo 
11,32 
12,35 
7,28 
P 
- 
Positive supply for logic and 110 pins. 


NC 
- 
1,17 
12,13 
- 
These pins are not internally connected. 
These pins should 
28,40 
33,34 
be left unconnected. 


Legend: 
I= input, 
0 = output, 
1/0 = inpuVoutput, 
P = power; 
- 
= Not used, 
TIL 
= TIL 
input, 
ST = SChmitt trigger input 


§ This buffer is a SChmitt trigger input when configured 
as general purpose VO and a TIL 
input when used in the parallel slave port 
mode (for interfacing to a microprocessor 
bus). 
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:} 
InlemaJ 


, 
Phase 


: 
CIod<s 


04 
~ 
,-----}..~ 
~,------) 
,------., 


PCj 
(Program Count.., 
, 


OSC2ICLKOUT 
,~ 
~ 


(AC Modo) 'r----==..,..-;;"""----; 
Fe<ch INST (PC) 


Execute 
INST 
PC-1 


3.1 
Clocking Scheme/Instruction Cycle 


The clock input (from OSC 1) is internally divided by four 
to generate four non-overlapping 
quadrature 
clocks 


namely 01, 
02, 
03 
and 04. 
Internally, the PC is 


incremented every 01, the instruction is fetched from 
the program memory and latched into the instruction 
register in 04. The instruction is decoded and executed 
during the following 01 through 04. 
The clocks and 


instruction execution flow is shown in Figure 3-2. 


3.2 
Instruction Flow/Pipelining 


An "Instruction Cycle" consists of four 0 cycles (01,02, 
03 
and 04). 
The instruction fetch and execute are 


pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively 
executes 
in one cycle. 
If an instruction 


causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in 01. 


In the execution cycle, the fetched instruction is latched 
into the "Instruction Register (IR)" in cycle 01. 
This 


instruction is then decoded and executed during the 02, 
03, 
and 04 cycles. Data memory is read during 02 


(operand read) and written during 04 (destination write). 


1. MOVLW 
2. 
MOVWF 


3. CALL 
4. BSF 


I 
Execute 1 
I 
Fetch 2 
55h 
PORTB 
SUB_1 
PORTA, 


Fe<ch INST 
Pc. 
1 
ExeaJte 
INST (PC) 


Execute 2 
Fetch 3 
Execute 3 
I 
Fetch 4 


All instructions are single cycle, except for any program branches. 
These take two cycles since the fetched 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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4.1 Program Memory Organization 


The PIC16C74 has a 13-bit program counter capable of 
addressing an 8K x 14 program memory space. Only the 
first 4K x 14 (OOOOh- OFFFh) are physically imple- 
mented. Accessing a location above FFFh will cause a 
wrap-around within the first 4K x 14 space. The reset 
vector is at OOOOhand the interrupt vector is at 0004h 
(see Figure 4-1). 


FIGURE 4-1: 
PROGRAM MEMORY MAP 
AND STACK 


Interrupt 
Vector 


On-ehipProgram 
Memory 
(Page 0) 


FFFFh 


" In Test Program 
Memory 
Space 


4.2 
Data Memory Organization 


The data memory (see Figure 4-2) is partitioned into two 
Banks which contain the general purpose registers and 
the special function registers. Bank 0 is selected when 
the RPObit in the STATUS register is cleared. Bank 1 is 
selected when the RPObit in the STATUS register is set. 
Each Bank extends up to 7Fh (128 bytes). The first 32 
locations of each Bank are reserved for the 
Special 
Function Registers. Register locations 20h-7Fh (Bank 
0) and AOh-FFh (Bank 1) are general purpose registers 
implemented 
as static RAM. Some special function 
registers are mapped in Bank 1. 


4.2.1 
GENERAL PURPOSE REGISTER FilE 


The register file, in PIC16C74 is organized as 192x8. 
It 
is accessed either directly or indirectly through the file 
select register FSR (see Section 4.4). 


File 
address 
00 
Indirectaddr.(") 


01 
TMRO 


02 
PCl 


03 
STATUS 


04 
FSR 


05 
PORTA 


06 
PORTB 


07 
PORTC 


08 
PORTD 


09 
PORTE 


OA 
PCLATH 


OB 
INTCON 


DC 
PIR1 


OD 
PIR2 


OE 
TMR1L 


OF 
TMR1H 


10 
T1CON 


11 
TMR2 


12 
T2CON 


13 
SSPBUF 


14 
SSPCON 


15 
CCPR1L 


16 
CCPR1H 


17 
CCP1CON 


18 
RCSTA 


19 
TXREG 


1A 
RCREG 


1B 
CCPR2L 


1C 
CCPR2H 


1D 
CCP2CON 


1E 
ADRES 


1F 
ADCONO 


20 


General 
Purpose 
Register 


Indirectaddr.(") 
80 


OPTION 
81 


PCl 
82 


STATUS 
83 


FSR 
84 


TRISA 
85 


TRISB 
86 


TRISC 
87 


TRIS D 
88 


TRIS E 
89 


PCLATH 
8A 


INTCON 
8B 


PIE1 
8C 


PIE2 
8D 


PCON 
8E 


8F 


90 


91 


92 


93 
94 


95 


96 


97 


98 


99 


9A 


9B 


9C 


9D 


9E 


ADCON1 
9F 
AO 


General 
Purpose 
Register 


Bank0 
Bank 1 
" Not a physicalregister 
IIlI Unimplementeddata memorylocations;read as 'O's 
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The special registers can be classified into two sets. The 
special registers associated with the 'core' functions are 
described in this section. Those related to the operation 
of the peripheral features are described in the section of 
that peripheral feature. 


The special function registers are registers used by the 
CPU and Peripheral functions for controlling the desired 
operation ofthe device (see Table 4-1). These registers 
are static RAM. 


Address 
Name 
Bit 7 
I 
Bit 6 
BitS 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
I 
BilO 


BankO 


OOt 
INDF 
Addressing 
this location 
uses contents 
of FSR to address 
data memory 


(Indirect 
Address) 
(not a physical 
register) 


01 
TMRO 
TimerO 


02t 
PCl 
Program 
Counte(s 
(PC's) 
least 
Significant 
Byte 


03t 
STATUS 
IflP 
I·>~>I 
RPO 
I 
TO 
I 
PO 
I 
z 
I 
DC 
I 
C 


04t 
FSR 
Indirect data memory 
address 
pointer 


05 
PORTA 
PORT A Data Latch where written to PORTA 
pins when read 


06 
PORTB 
PORTB 
Data Latch where written to PORTB 
pins when read 


07 
PORTC 
PORTC 
Data Latch where written to PORTC 
pins when read 


08 
PORTO 
PORTO 
Data Latch where written to PORTO pins when read 


09 
PORTE 
PORTE 
Data Latch where written to PORTE 
pins when read 


OAt 
PCLATH 
Buffered 
Register 
for the upper 5 bits of the Program 
Counter 
(PC) 


OBt 
INTCON 
GIE 
I 
PEIE 
I 
TOlE 
I 
INTE 
I 
RBIE 
I 
TOIF 
I 
INTF 
I 
RBIF 


DC 
PIR1 
PSPIF 
I 
ADIF 
I 
RCIF 
I 
TXIF 
I 
SSPIF 
I 
CCPlIF 
I 
TMR21F 
I 
TMRlIF 


00 
PIR2 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
- 
I 
CCP21F 


OE 
TMR1l 
Timer1 
least 
Significant 
Byte 


OF 
TMR1H 
Timer1 
Most Sign~icant 
Byte 


10 
T1CON 
- 
I 
- 
I T1CKPS1 
I T1CKPSO 
I T10SCEN 
ITlINSYNC 
I 
TMR1CS 
I 
TMR10N 


11 
TMR2 
Timer2 


12 
T2CON 
- 
I TOUTPS3 
I TOUTPS2 
I TOUTPS1 
I TOUTPSO 
I TMR20N 
I T2CKPS1 
I 
T2CKPSO 


13 
SSPBUF 
Synchronous 
Serial Port Receive 
BufferfTransmit 
Register 


14 
SSPCON 
WCOl 
I 
sspov 
I 
SSPEN 
I 
CKP 
I 
SSPM3 
I 
SSPM2 
I 
SSPMl 
I 
SSPMO 


15 
CCPR1l 
Capture/Camper 
e Recister 
(lSB) 


16 
CCPR1H 
Capture/CompereIDuty 
Cycle 
Register 
(MSB) 


17 
CCP1CON 
- 
I 
- 
I 
CCP1X 
I 
CCP1Y 
I 
CCP1M3 
I CCP1M2 
I 
CCP1M1 
I 
CCP1MO 


18 
RCSTA 
SPEN 
I 
RC819 
I 
SREN 
I 
CREN 
I 
- 
I 
FERR 
I 
OERR 
I 
RCD8 


19 
TXREG 
SCI Transmft 
Data Register 


1A 
RCREG 
SCI Receive 
Data Register 


lB 
CCPR2l 
Capture/CompareIDuty 
Cycle Register 
2 (lSB) 


1C 
CCPR2H 
Capture/CompareIDuty 
Cycle Register 
2 (MSB) 


10 
CCP2CON 
- 
I 
- 
I 
CCP2X 
I 
CCP2Y 
I CCP2M3 I 
CCP2M2 
I 
CCP2M1 
I 
CCP2MO 


1E 
AD RES 
AID Result Register 


1F 
ADCONO 
ADCS1 
I 
ADCSO I 
CHS2 
I 
CHS1 
I 
CHSO I GOIOONE 
I 
- 
I 
ADON 
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Address 
Name 
Bit 7 
Bit6 
I 
BitS 
I 
Bit4 
I 
Bit 3 
I 
Bit 2 
Bit 1 
I 
Bit 0 


Bank 
1 


60t 
~~irect 
Addressl 
t.:r:~~~i~lsr~:~ 
uses cootents 
of FSR to address 
data memory 


81 
OPTION 
RBPU 
I 
INTEDG 
I 
RTS 
I 
RTE 
I 
PSA 
I 
PS2 
PS1 
I 
PSO 


821 
PCL 
Proaram 
Counters 
(PC'sl 
Least Sianificant 
Bvte 


83t 
STATUS 
JRP'I 
RP1 
I 
RPO 
TO 
PO 
Z 
DC 
C 


841 
FSR 
Indirect 
data memory 
address 
cointer 


85 
TRISA 
PORTA 
Data Direction 
Register 


86 
TRISB 
PORTB 
Data Direction 
Reoister 


87 
TRISC 
PORTC 
Data Direction 
Register 


86 
TRISD 
PORTO Data Direction 
Register 


89 
TRISE 
IBF 
I 
OBF 
I 
IBOV 
PSPMODEI 
- 
I 
TRISE2 
I 
TRISE1 
TRISEO 


8At 
PCLATH 
Shadow 
Register 
for the u per 5 bits of the Program 
Counter 
(PC) 


8Bt 
INTCON 
GIE 
PEIE 
TOlE 
INTE 
RBIE 
TOIF 
INTF 
RBIF 


8C 
PIE1 
PSPIE 
ADIE 
RCIE 
TXIE 
SSPIE 
CCPlIE 
TMR21E 
TMRlIE 


80 
PIE2 
- 
- 
- 
- 
- 
- 
- 
CCP21E 


8E 
PCON 
- 
- 
- 
- 
- 
- 
POR 
- 
SF 
ReeeMld( 
.....•• 
<.n.' 
'; 
i 


90 
ReMMld 
<. 
. 
..... 


91 
ReaeMld 
.. 


92 
PR2 
Timer2 
Period 
Reaister 


93 
SSPADD 
Synchronous 
Serial 
Port WC model 
Address 
Rooster 


94 
SSPSTAT 
- 
I 
- 
I 
D/A 
P 
I 
S 
I 
RIW 
I 
UA 
BF 


95 
ReseMld 


96 
ReeeMld 
.... 
·..·n, 
.n 
·.....i ...•.·.·... 


•• 
Ai' 
$1 
·Ui.. 
..i·...)i 
•.·..·.-•......i.i,·i 
....... 
it.· 
.....·.'i'. .;'.'.... 


98 
TXSTA 
CSRC 
I 
TX8I9 
TXEN 
SYNC 
- 
BRGH 
I 
TRMT 
TXD8 


99 
SPBRG 
Baud Rate Register 


9A 
ReseMld 
, 


9B 
ReeeMld 


9C 
ReeeMld 


9D 
ReseMld 


llE 
ReMMld 


9F 
ADCON1 
- 
- 
- 
I 
- 
- 
I 
PCFG2 
PCFG1 
I 
PCFGO 
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PIC16C74 


4.2.2.1 
STATUS Register 


The STATUS register contains the arithmetic status of 
the ALU, the RESET status and the page preselect bits 
for data memory. 


The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis- 
ter is the destination for an instruction that affects the Z, 
DC orC bits, then the write to these three bits isdisabled. 
These bits are....setor...cLearedaccording to the logic. 
Furthermore, TO and PO bits are not writable. There- 
fore, the result of an instruction with the STATUS regis- 
ter as destination may be different than intended. 


For example, CLRF 
STATUS will clear the upper-three 
bits and set the Z bit. This leaves the status register as 
OOOUU1UU(where U = unchanged). 


It is recommended, therefore, that only BCF, BSF, 
SWAPF 
and 
MOVWF 
instructions 
are used to alter the status 
registers because these instructions do not affect any 
status bit. 
For other instructions, affecting any status 
bits, see the "Instruction Set Summary". 


:t:f()t81~~IR"~ 
:TA~~k7'6»~ 
, ", 
'Z(lOtused1>y 
74'~ 
stloutdbe 
prog~ 
as '0'. Use of these bits as 
general PutPOse RJW bits is NOT recom- 
mended, 
since this may affect 
upward 
compatlbjIIty with future products. 


~lfIi~te~"borrO\! 
,()Ut 
'Oll4,~ 
U1&:SUBLVVand 
$\JBWF~forexampies. 


Register. 
STATUS 
FWt. 
Address: 
03h or 63h 
R 
Reset value: 
OOO??XXX 
lJ: 
TO, PO are set or cleared 
specially 


Readable 
& writable 
Readooly 
Unimplemented, 


raadas'O' 
c: Carrylbomlw 
bit. 


For ADDWF 
and ADDL W instructions. 


1 = 
A carry-<>ut from the most significant 
bn of the resutt occurred. 
Note that a subtraction 
is executed 
by adding 
the two's 
complement 
of the second 
operand. 
For rotate 
(RRF, 
RLF) 
instructions, 
this bit is loaded 
wnh enher the high or low order 
bit 
of the source 
register. 


o = 
No carry-<>Ut from the most significant 
bit of the result. 


Note: 
For Borrow 
the polarity 
is reversed. 


DC: 
Dign carryiborrow 
bn. 


For ADDWF 
and ADDLW 
instructioos. 
1 = 
A carry-<>ut from the 4th low order bit of the resutt occurred. 
o = 
No carry-<lUt from the 4th low order 
bit of the resutt. 


Note: 
For Borrow 
the polarity 
is reversed. 


z: Zero bit 
1 = 
The resutt of an arithmetic 
or logic operation 
is zero. 


0= 
The resutt of an arithmetic 
or logical 
operation 
is not zero. 


PO: 
Power 
down 
bn. 
1 = 
After 
power-up 
or by a CLRWDT 
command. 
0= 
By execution 
of the SLEEP 
instructioo. 


TO: 
Time-<>ut bit. 


1 = 
After power-up 
and by the CLRWDT 
and SLEEP 
instructioo. 


o = 
A watchdog 
timer 
time-<>ut has occurred. 


RP<l :0>: 
Register 
page select 
bits for direct 
addressing. 


00 = Bank 0 (0Ch - 7Fh) 
01 = Bank 
1 (8Oh - FFh) 
10 = Bank 2 (l00h 
-17Fh) 
11 = Bank 3 (lBOh -lFFh) 


Each page is 128 bytes. 


Only the RPO bit is used by the PIC16C74. 
RP1 should 
be programmed 
as 
'0'. 
Using 
the RP1 bit as a general 
purpose 
readlwrile 
bit is not 


recommended, 
since this may affect 
upward 
compatibility 
wnh future 
products. 


lAP: 
Register 
page select 
bns for indirect 
addressing. 


0= 
Bank 0,1 (0Ch - FFh) 
1 = Bank 2,3 (l00h 
- 1FFh) 


ThelRP 
bn is not used 
by the PICl6C74. 
IRP should 
be programmed 
as '0'. 


Use of the IRP bit as a general 
purpose 
readlwrile 
bit is not recommended, 


since this may affect 
upward 
compatibility 
wnh future 
products. 
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4.2.2.2 
OPTION Register 


The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the extemallNT interrupt, TMRO, 
and the weak pull-ups on PORTS. 


R1W: 
R: 
U: 


Readable & writable 
Read only 
Unimplemented. 
Read as '0' 
bit 0 


~ 
PRESCALER VALUE 
PS2 
PS1 
PSO 
000 
001 
010 
011 
100 
1 
0 
1 
1 
1 
n 


1: 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 
1 : 256 


1 : 1 
1 : 2 
1: 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 
PSA: 
Prescaler 
assignment 
bit. 


1 = Prescaler assigned to the WOT 
o = Prescaler assigned to TMRO 


ATE: 
TMRO signal edge. 
1 = Increment on high-to-Iow transition on RA4ITOCKI pin 
o = Increment on low-to-high transition on RA4/TOCKI pin 


RTS: 
TMRO signal source. 


1 = Transition on RA4ITOCKI pin 
o = Intemal instruction 
cycle clock (ClKOUT) 


INTEDG: 
Interrupt 
edge select. 


1 = Interrupt on rising edge 
o = Interrupt on lallinQ edQe 


R B P U: 
Port B pull-up enable. 


1 = Port B pull-ups are disabled overriding any port latch value 
o = Port B pull-ups are enabled bv individual port-latch values 
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PIC16C74 


4.2.2.3 
INTCON Register 


The PIC16C74 has twelve sources of interrupt: 


• 
External interrupt from RSO/INT pin 
• 
TimerO overflow 
Interrupt on change on RS<7:4> pins 
• 
Timer1 overflow 
• 
Timer2 matches period register 
• 
A capture, a compare, or a PWM output is reset 
• 
The synchronous serial port 
• 
The parallel slave port read/write 
• 
AID complete interrupt 
• 
USART receiveltransmit 
interrupt 


The interrupt control register (INTCON) records indi- 
vidual interrupt requests inflag bits. It also has individual 
and global enable bits. 
The peripheral interrupt flags 
reside in the PIR1 register (Addr OCh). 


A global interrupt enable bit, GIE (INTCON<7» 
enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their 
corresponding 
mask 
bit in INTCON 
register 
(Figure 4-5). GIE is cleared on reset. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. 
For 
external interrupt events, such as the INT pin or PORTS 
change interrupt, the interrupt latency will be three or 
four instruction cycles. The exact latency depends when 
the interrupt event occurs (see Figure 12-15). 
The 
latency is the same for one or two cycle instructions. 
Once in the interrupt service routine the source(s) of the 
interrupt can be detennined by polling the interrupt flag 
bits. The interrupt flag bit(s) must be cleared in software 
before re-enabling interrupts to avoid infinite interrupt 
requests. Individual interrupt flag bits are set regardless 
of the status of their corresponding mask bit or the GIE 
bit. 


The 'return from interrupt' 
instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit to re-enable 
interrupts. 


R1W: Readable & 
writable 
Read only 
Unimplemented, 
read as '0' 


Register: 
INTCON 
Address: 
OBh or 8Bh 
Reset value: 
0000 OOOxb 
R: 
U: 


RBIF: 
RB port change interrupt flag. 


1 = When at least one of the RB<7:4> inputs change. 


Must be cleared by software. 
0= None of the RB<7:4> inputs have changed. 


INTF: 
External interrupt flag. 


1 = The externallNT 
interrupt has occurred. 


Must be cleared by software. 
0= The INT interrupt did not occur 


TOIF: TMRO overflow interrupt flag. 


1 = The TMRO has overflowed. 


Must be cleared by software. 


0= TMRO did not overflow. 


RBIE: 
RB port change interrupt enable bit. 


1 = Enables RBIF interrupt 
0= Disables RBIF interrupt 


INTE: INT interrupt enable bit. 


1 = Enables INTF interrupt 
o = Disables INTF interrupt 


TOlE: TOIF interrupt enable bit. 


1 = Enables TOIF interrupt 
0= Disables TOIF interrupt 


PEIE: 
Peripheral interrupt enable bit. 


1 = Enables all un-masked peripheral interrupts 
o = Disables all peripheral interrupts 


GIE: 
Global interrupt enable. 


1 = Enables all un-masked interrupts 
0= Disables all interrupts 
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4.2.2.4 
PIE1 Register 


This register contains the individual enable bits for the 
Peripheral Interrupts. 


Register: 
PIEl 
RIW: 
Address: 
BCh 
Reset value: 
DOh 
R: 
U: 


Readable & 
writable 
Read only 
Unimplemented. 
read as '0' 


TMR1IE: 
Timerl 
interrupt enable bit. 


1 = Enables TMRllF 
interrupt. 


o = Disables TMRllF 
interrupt. 


TMR2IE: 
Timer2 interrupt enable bit. 


1 = Enables TMR2IF interrupt. 
o = Disables TMR21F interrupt. 


CCP1IE: 
CCPl 
interrupt enable bit. 


1 = Enables CCPllF 
interrupt. 


o = Disables CCPllF 
interrupt. 


SSPIE: 
Synchronous 
serial port interrupt enable bit. 


1 = Enables SSPIF interrupt. 
o = Disables SSPIF interrupt. 


TXIE: 
Serial communication 
interface transmit 
interrupt enable bit. 


0= 
Disables TXIF interrupt. 


1 = Enables TXIF interrupt. 


RCIE: Serial communication 
interface receive 
interrupt enable bit. 


o = Disables RXIF interrupt. 
1 = Enables RXIFL interrupt. 


ADIE: AID converter interrupt enable bit. 
o = Disables ADIF interrupt. 
1 = Enables ADIF interrupt. 


PSPIE: 
Parallel slave port interrupt enable bit. 


1 = Enables PSPIF interrupt. 
o = Disables PSPIF interrupt. 
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4.2.2.5 
PIR1 Register 


This register contains the individual flag bits for the 
Peripheral Interrupts. 


Register. 
PIRl 
RIW: 
Address: 
OCh 
Reset value: 
DOh 
R: 
U: 


Readable & 
writable 
Read only 
Unimplemented, 
read as '0' 


TMR1IF: 
nmerl 
interrupt flag. 


1 = nmerl 
overflowed. 


Must be cleared in software. 


0= No Timerl 
overflow. 


TMR2IF: 
nmer2 
interrupt flag. 


1 = nmer2 
matches period register PR2. 
Must be cleared in software. 


o = No Timer2 period match. 


CCP1IF: 
Capturel/Comparel/PWMl 
interrupt. 


Capture Mode 


1 = A nmerl 
capture has occurred. 


Must be cleared by software. 


0= No nmerl 
capture occurred. 


Compare Mode 


1 = A nmerl 
compare match has occurred. 
Must be cleared by software. 


o = No Timerl 
compare match occurred. 


PWM Mode 
Unused 


SSPIF: 
Synchronous 
serial port. 


1 = A transmission/reception 
is completed. 


Must be cleared in software. 


0= Waiting to transmiVreceive. 


TXIF: 
Serial communication 
interface transmit 


interrupt flag. 
1 = Transmit buffer is empty. 
0= Transmit buffer is full. 


RCIF: Serial communication 
interface receive 
interrupt flag. 
1 = Receive buffer is full. 
0= Receive buffer is empty. 


ADIF: AID conversion 
complete 
interrupt flag. 


1 = An AID conversion 
has completed. 


o = An AID conversion 
has not completed. 


PSPIF: 
Parallel slave port read/write 
interrupt flag. 


1 = A read or a write operation has taken place. 


Must be cleared in software. 


o = No read or write has occurred. 
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4.2.2.6 
PIE2 Register 


This register contains the individual enable bit for the 
Peripheral Interrupts. 


4.2.2.7 
PIR2 Register 


This register contains 
the individual flag bit for the 
Peripheral Interrupts. 


RIW: 
Readable & 
writable 
R: 
Read only 
U: 
Unimplemented, 
read as '0' 


Register: 
PIE2 
Address: 
BDh 
Reset value: 
OOh 


CCP2IE: CCP2 interrupt enable bit 
1 = Enables CCP2IF interrupt 
o = Disables CCP21F interrupt 


RIW 


I 
- 
I CCP21F I 
Register: 
PIR2 
RIW: 
Readable & 
Address: 
ODh 
writable 


7 
bitO 
Reset value: 
OOh 
R: 
Read only 
U: 
Unimplemented, 
read as '0' 


CCP2IF: Capture2lcompare2/PWM2 
interrupt 


Capture Mode 


1 = A Timerl 
capture has occurred. 


Must be cleared by software. 


o = No Timerl 
capture occurred. 


Compare Mode 


1 = A Timerl 
compare match has occurred. 


Must be cleared by software. 
o = No Timerl 
compare match occurred. 


PWMMode 
Unused 


Unimplemented, 
reads as '0'. 
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4.2.2.8 
peON Register 


The peON register contains flag bits to allow differentia- 
tion between a Power-on Reset to an extemal MCLR 
reset, WOT reset. 


Register: 
peON 
Address: 
8Eh 
paR 
reset: 03h 


RIW: 
Readable & 
writable 
R: 
Read only 
U: 
Unimplemented, 
read as '0' 


Reserved 


This bit should be programmed 
as '1'. 
Use of this 


bit as a general purpose read/write bit is not 
recommended, 
since this may affect upward 
compatibility 
with future products. 


POR : Power on reset flag. 


1 = No power on reset has occurred. 
o = A power-on-reset 
has occurred. 


Software must set this bit after a 
power-on-reset 
condition has occured. 


Unimplemented, 
Read as '0'. 
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The program counter (PC) is 13-bit wide. The low byte, 
PCL is a readable and writable register (addr 02h or 
82h). 
The high byte of the PC (PCH) is not directly 


readable or writable. 
The high byte of the PC can be 


written through the PCLATH register (addr OAhor 8Ah). 
When the PC is loaded with a new value during a CALL, 


GOTO or a write to PCL, the high bits of PC are loaded 
from PCLATH as shown in Figure 4-11. 


FIGURE 
4-11: 
LOADING 
OF PC IN 
DIFFERENT 
SITUATIONS 


12 
B 7 
~:J'aA~~ 
~-. 
PCLATH 


o 
IINSTwith 
PCl 
. as dest 


AlU resu~ 


When doing a table read using a computed 
GOTO 


method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte block). 
Refer to the application 
note 'Table Read Using the 


PIC16CXX' (AN556). 


4.3.2 Stack 


The PIC16CXX has an 8-bit deep x 13-bit wide hardware 
stack (see Figure 4-1). The stack space is not part of 
either program or data space and the stack pointer is not 
readable or writable. 
The PC is PUSHed in the stack 


when a CALL instruction is executed or an interrupt is 
acknowledged. 
The stack is POPped in the event of a 


RETURN, 
RETLW or a RETFIE 
instruction execution. 
PCLATH is not affected by a 'PUSH' or a 'POP' opera- 
tion. 


The stack operates as a circular buffer. This means that 
after the stack has been 'PUSHed' eighttimes, the ninth 
push overwrites the value that was stored from the first 
pUSh. The tenth push overwrites the second push (and 
so on). This means that the user can implement 'soft- 
ware resets' for the system. 


4.3.3 
Program 
Memory 
Paging 


The PIC16C74 has 4-Kbytes of program memory, but 
the CALL and GOTO instructions 
only have all-bit 


address range. This 11-bit address range allows a branch 
within a 2-Kbyte program memory page size. To allow 
CALL and GOTO instructions to address the entire 4- 
Kbyte program memory address range, there must be 
another bit to specify the program memory page. This 
paging 
bit comes 
from 
the 
PCLATH<3> 
bit (see 


Figure 4-11). When doing a CALL or GOTO instruction, 
the user must ensure that this page bit (PCLATH<3» 
is 


programmed to the desired program memory page. If a 
CALL instruction (or interrupt) is executed, the entire 13- 
bit PC is pushed onto the stack. Therefore, manipulation 
of the PCLATH<3> is not required for the retum instruc- 
tions (which pops the PC from the stack). 


Example 4-1 shows the calling of a subroutine in page 1 
of the program memory. This example assumes that the 
PCLATH is saved and restored by the interrupt service 
routine (if interrupts are used). 


EXAMPLE 
4-1: CALL OF A SUBROUTINE 
IN 


PAGE 
1 FROM 
PAGE 
0 


ORG 
Ox900 
$UBI-PI 
; called 
subroutine 


; page 
1 (800h-FFh) 
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4.4 Indirect Addressing. 
INDF and FSR 
Registers 


The INOF register is not a physical register. Addressing 
the INOF register will cause an indirect addressing. 


Indirect addressing is possible by using the INOF regis- 
ter (address OOh). 
Any instruction 
using the INOF 


register actually accesses data pointed to by the file 
select register (FSR). Reading INOF itself indirectly will 
produce OOh. Writing to the INOF register indirectly 
results in a no-operation (although status bits may be 
affected). 
An effective 9-bit address is obtained by 


concatenating the 8-bit FSR register and the IRP bit 
(STATUS<7». 
as shown in Figure 4-10. However, IRP 


is not used in this PIC16C74. 


Direct Addressing 


6 
from opcode 
0 
ITIIIIIJ 


API APO 
I£J 
I...-,...-J 


page select 
locationselect t 


\.~------~ 
---. 
00 
00 


A simple program to clear RAM location20h-2Fh 
using 


indirect addressing is shown in Example 4-2. 


molw 
Ox20 
; initialize 
pointer 


mowf 
FSR 
ita 
RAM 


clrf 
INDF 
;clear 
indent 
by 


inerf 
FSR 
; inc pointer 


btfss 
FSR.4 
;all 
done? 


goto 
NEXT 
;no clear 
next 


:yes 
continue 


Indirect Addressing 


lAP 
7 
(FSA) 
0 
.~ 


11 pa_~~ge_se_l_ect ~J-- 


OIl 
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The PIC16C74 has five ports, PORTA through PORTE. 
These ports pins may be multiplexed with an altemate 
function for the peripheral features on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 6-bit wide latch. 
RA4 is a Schmitt trigger 
input and an open collector output. All other RA port pins 
have TTL input levels and full CMOS output drivers. All 
pins have data direction bits (TRIS registers) which can 
configure these pins as output or input. 


A '1' in the TRISA register configures the corresponding 
port pin as input. 


Reading PORTA register reads the status of the pins 
whereas writing to it will write to the port latch. 


Port RA4 is multiplexed with TMRO clock input. 


FIGURE 5-1: BLOCK DIAGRAM OF PORT 
PINS RA<3:0> and RA<5> 


Data 
bus 
D 
Q 


"WR 
Voo 
PORT' 
CK 


D 


"WR 
TRtS" 
CK 


To NO Converter 


Nole: 
I/O pins hace protection 
diodes to Voo and Vss. 


Other PORTA pins are multiplexed with analog inputs 
and analog VREF input. The operation of these pins are 
selected by control bits in ADCON1 (AID control regis- 
ter1) register. When selected as an analog input, these 
pins will read as 'D's. 


TRISA controls the direction of the RA pins, even when 
they are being used as analog inputs. The user must 
make sure to keep the pins configured as inputs when 
using them as analog inputs. 


CLRF 
PORTA 
; Initialize 
PORTAby setting 
; 
output 
data 
latches 
BSF 
STATUS,RPO ;Select 
Bankl 
MOVLW 
OxCF 
;Value 
used 
to initialize 
;data direction 
MOVWFTRISA 
; Set RA<3: 0> as 
inputs 
RA<5:4> 
as outputs 
;TRISA<7:6> 
are 
always 
;read as 
.a ' . 


Data 
bus 
D 
Q 


"WR 
PORT' 
CK 


D 


"WR 
TRIS" 
CK 
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Name 
Bit 
Buffer Type 
Function 


RAOIANO 
bitO 
TTL 
Input/output or analog input 


RA1/ANl 
bitl 
TTL 
Input/output or analog input 


RA2IAN2 
bit2 
TTL 
Input/output or analog input 


RA3IAN3 
bit3 
TTL 
Input/output or analog input 


RA4fTOCKI 
bit4 
ST 
Input/output or external clock input for TMRO. 
Output is open collector type 


RASlAN4/SS 
bitS 
TTL 
Input/output, slave select input for synchronous 
serial port, or analog input 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTA 
PORTA pins when read 
OSh 
--xx 
xxxx 


PORTA latch when written 


TRISA 
PORTA data direction register 
8Sh 
--11 
1111 


o = output, 1 = input 


Notes: 
1: x = unknown, - = unimplemented, reads as a '0'. 
2: 
For reset values of registers in other reset situations refer to Table 12-6. 
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PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A '1' in TRISB configures the 
corresponding 
port pin as an input. 
Reading PORTB 
register reads the status of the pins, whereas writing to 
it will write to the port latch. 


Each of the PORTB pins has a weak internal pull-up 
(-100 llA typical). A single control bit can t!.!ffi..Q!lall the 
pull-ups. 
This is done by clearing the RBPU 
(OP- 
TION<7» 
bit. The weak pull-up is automatically turned 
off when the port pin is configured as an output. The pull- 
ups are disabled on power-on reset. 


Four of PORTB's pins, RB<7:4>, have an interrupt on 
change feature. 
Only pins configured as inputs can 
cause this interrupt to occur (Le. any RB7-RB4 
pin 
configured as an output is excluded from the interrupt on 
change comparison). 
The input pins (of RB7-RB4) are 
compared with the old value latched on the last read of 
PORTB. 
The "mismatch" 
outputs of RB7-RB4 
are 
OR'ed together to generate the RBIF interrupt (flag 
latched in INTCON<O». 


FIGURE 
5-3: 
BLOCK 
DIAGRAM 
OF PORT 
PINS RB<7:4> 


Note: 1. Pon latch = 1 and TRISB = 1 ena~es weak pull·up if 


RBPU = 0 in OPTION register. 
2. va pins have diode protection to Voo and Vss. 


This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service 
routine, can clear the 
interrupt in one of two ways: 


a) 
Disable the interrupt by clearing RBIE (INTCON<3» 
bit. 


b) 
Read PORTB. 
This will end mismatch condition. 


Then, clear the RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
2 


ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. (See AN552 in the Embedded Con- 
trol Handbook). 


FIGURE 5-4: 
BLOCK 
DIAGRAM 
OF PORT 
PINS RB<3:0> 


"RDPort" 


Notes: 1. TRISB = 1 enables weak pull-up ff RBPU = 0 in 
OPTION register. 


2. 
For RBOI1NTpin, the INT input comes through a 
Schmitt trigger input buffer. 


3. I/O pins have diode protection to Voo and Vss. 
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Name 
Bit 
Buffer Type 
Function 


RBOIINT 
bitO 
TIUSTt 
InpuVoutput pin or external interrupt input. Internal software 
programmable weak pull-up 


RB1 
bit1 
TIL 
InpuVoutput pin. Internal software programmable weak pull-up 


RB2 
bit2 
TIL 
InpuVoutput pin. Internal software programmable weak pull-up 


RB3 
bit3 
TIL 
InpuVoutput pin. Internal software programmable weak pull-up 


RB4 
bit4 
TIL 
InpuVoutput pin (with interrupt on change). 
Internal software 
programmable weak pull-up 


RBS 
bitS 
TIL 
InpuVoutput pin (with interrupt on change). 
Internal software 
programmable weak pull-up 


RB6 
bit6 
TIUST; 
InpuVoutput pin (with interrupt on change). 
Intemal software 
programmable weak pull-up 


RB? 
bit? 
TIUST; 
InpuVoutput pin (with interrupt on change). 
Internal software 
programmable weak pull-up 


Legend: 
TTL = TTL input, ST = Schmitt Trigger 
t This buffer is a Schmitt triger input when configured 
as the external interrupt. 


1: This buffer is a Schmitt Trigger input when used in serial programming 
mode. 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTB 
PORTB pins when read 
06h 
xxxx xxxx 


PORTB latch when written 


TRISB 
PORTB data direction register 
86h 
1111 
1111 
o = output, 1 = input 
--- 
-- 
OPTION 
Weak pull-up on/off control (RBPU bit) 
81h 
1111 
1111 
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5.3 
PORTC and TRISC Registers 


I/O PORTC is an 8-bit bidirectional port. 
Each pin is 


individually configurable as input and output through the 
TRISC register. 
PORTC is multiplexed 
with several 


peripheral 
functions 
(see Table S-S). 
PORTC pins 


have Schmitt trigger input buffers. 


Peripheral 
data-out 


Data 
bus 


CLRF 
PORTe 
;InitializePORTCdata 
latches 
before setting 


the data direction 
register 
BSF 
STATUS,RPO ;Select 
Bankl 


MOVLW 
OxCF 
;Value used to initialize 
idata 
direction 


MOVWFTRISC 
;Set RC<3:0> as 
inputs 
RC<5:4> 
as outputs 
RC<7:6> 
as 
inputs 


Notes: 
1. PortlPeripheral 
select signal selects between 


port data and peripheral output. 


2. Peripheral OE (output enable) is only activated if 


peripheral select is active. 


3. I/O pins have diode protection to Voo and Vss. 


Name 
Bit 
Buffer Type 
Function 


RCOIT1OSOIT1 CKI 
bitO 
ST 
Input/output port pin or Timer1 oscillator outputlTimer1 clock inpu1 


RC11T10SI/CCP2 
bitl 
ST 
Input/output port pin, Timerl 
oscillator input, Timer or Capture 2 
input/Compare 2 output/PWM 2 output 


RC2ICCPl 
bit2 
ST 
Input/output port pin or Capturel 
input/Comparel 
output! 


PWMloutput 


RC3ISCKlSCL 
bit3 
ST 
RC3ISCKlSCL can also be selected as the synchronous serial clock 
for both SPI and FC modes. 


RC4/SDI/SDA 
bit4 
ST 
RC4/SDI/SDA can also be selected as the SPI Data In (SPI mode) 
or data I/O (FC mode). 


RCS/SDO 
bitS 
ST 
Input/output port pin or Synchronous serial port data output 


RC6ITXICK 
bit6 
ST 
Input/output port pin, SCI Asynchronous Transmit, or 
SCI Synchronous Clock 


RC7/RXIDT 
bit7 
ST 
Input/output port pin SCI Asynchronous Receive, or 
SCI Synchronous Data 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTC 
PortC pins when read 
07h 
xxxx 
xxxx 


Portc latch when written 


TRISC 
PortC data direction register 
87h 
1111 
1111 
o = output, 1 = input 


Notes: 
1: x = unknown, - = unimplemented, reads as a '0'. 
2: For reset values of registers in other reset situations refer to Table. 
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5.4 
PORTO and TRISD Registers 


1/0 PortD is an 8-bit port with Schmitt trigger 
input 
buffers. Each pin is individually configurable as input or 
output. 


PORTD can be configured as an 8-bit wide microproces- 
sor port (or parallel slave port) by setting control bit 
PSPMODE (TRISE<4». 
In this mode, the input buffers 
are TTL. 


FIGURE 5·6: 
PORTO BLOCK DIAGRAM 
(IN VO PORT MODE) 


Data 
Data Latch 
bus 
a 
D 
·WR 
PORr 
CK 
a 


TRIS Latch 


Name 
Bit 
Buffer Type 
Function 


RDO/PSPO 
bitO 
STITTL 
InpuVoutput port pin or parallel slave port bit 0 


RD1/PSP1 
bit1 
STITTL 
InpuVoutput port pin or parallel slave port bit 1 


RD2IPSP2 
bit2 
STITTL 
InpuVoutput port pin or parallel slave port bit 2 


RD3IPSP3 
bit3 
STITTL 
InpuVoutput port pin or parallel slave port bit 3 


RD4/PSP4 
bit4 
STITTL 
InpuVoutput port pin or parallel slave port bit 4 


RDS/PSP5 
bitS 
STITTL 
InpuVoutput port pin or parallel slave port bit S 


RD6/PSP6 
bit6 
STITTL 
InpuVoutput port pin or parallel slave port bit 6 


RD7/PSP7 
bit7 
STITTL 
InpuVoutput port pin or parallel slave port bit 7 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTO 
PORTD pins when read 
08h 
xxxx 
xxxx 


PORTD latch when written 


TRISD 
PORTD data direction register 
88h 
1111 
1111 


o = output, 1 = input 


Notes: 
1: x = unknown, - = unimplemented, reads as a '0'. 
2: 
For reset values of registers in other reset situations refer to Table. 
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5.5 PORTE and TRISE Register 


1/0 PORTE has three pins REO,RE1 and RE2, which are 
individually configurable as inputs or outputs. 
These 
have Schmitt trigger input buffers. 


1/0 PORTE becomes control inputs for the microproces- 
sor port when the PSPMODE bit (TRISE<4» 
is set. In 
this mode, the user must make surethatthe TRISE<2:0> 
bits are set (pins are configured as digital inputs). In this 
mode the input buffers are TTL. 


Figure 5-8 shows the TRISE register, which also con- 
trols the synchronous slave port operation. 


FIGURE 5-7: 
PORTE BLOCK DIAGRAM 
(IN I/O PORT MODE) 


RIW: 
Readable & 
writable 
R: 
Read only 
U: 
Unimplemented, 
read as '0' 


TRISEO: 
Direction control bit for port pin REO 


1 = Input 
o = Output 


TRISE1: 
Direction control bit for port pin RE1 


1 = Input 
o = Output 


TRISE2: 
Direction control bit for port pin RE2 


1 = Input 
0= Output 


Register: 
TRISE 
Address: 
89h 
POR value: 07h 


Unimplemented. 


Read as '0' 


PSPMODE: 
Selects parallel slave port mode for ports 
RDand 
RE. 


1 = Parallel slave port mode. 
o = General purpose I/O. 


IBOV: 
Input buffer overflow in microprocessor 
mode. 


1 = A write occurred when a previous input word has 
not been read. 
Must be cleared in software. 


o = No overflow has occurred. 


OBF: 
Output buffer full. 


1 = The output buffer still holds a previously written word. 
o = Output buffer has been read. 


IBF: 
Input buffer full. 


1 = A word has been received and waiting to be read 
bytheCPU. 


o = No word has been received. 
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Name 
Bit 
Buffer Type 
Function 


REO/RD/AN5 
bitO 
STmL 
InpuVoutput port pin, Read control input in parallel slave 
port mode, or analog input 
RD 
1 = Not a read operation 
0= 
Read operation. The system reads the PIC16C74 PORTO 
register (if chip selected) 


RE1/WRlAN6 
bit1 
STmL 
InpuVoutput port pin, Write control input in parallel slave 
port mode, or analog input 
WR 
1 = Not a write operation 
0= 
Write operation. The system writes to the PIC16C74 
PORTO register (if chip selected) 


RE2ICS/AN7 
bit2 
STmL 
InpuVoutput port pin, Chip select control input in parallel slave 
port mode, or analog input 
CS 
1 = Device is not selected 
o = Device is selected 


Register Name 
Function 
Address 
Power-on Reset Value 


PORTE 
PORTE pins when read 
09h 
---- 
-xxx 
PORTE latch when written 


TRISE 
PORTE data direction control 
89h 
0000 
-111 
bits and PORTO mode control 
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Some instructions operate internally as read followed by 
write operations. 
The BCF and BSF 
instructions, 
for 


example, read the register into the CPU, execute the bit 
operation 
and write the result back to the register. 


Caution 
must be used when these 
instructions 
are 


applied to a port with both inputs and outputs defined. 
For example, a BSF operation on bit 5 of PORTB will 
cause all eight bits of PORTIB to be read into the CPU. 
Then the BSF operation takes place on bit 5 and PORTB 
is written to the output latches. If another bit of PORTS 
is used as a bidirectional 
1/0 pin (say bit 0) and it is 


defined as an input at this time, the input signal present 
on the pin itself would be read into the CPU and re- 
written to the data latch of this particular pin, overwriting 
the previous content. As long as the pin stays in the input 
mode, no problem occurs. However, if bit 0 is switched 
into output mode later on, the content of the data latch 
may now be unknown. 


Reading the PORT 
register, reads the values of the 


PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-3 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an VO 
PORT. 


EXAMPLE 5-3: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
I/O PORT 
Initial 
PORTsettings: 
PORTB<?:4> Inputs 


PORTB<3: 
0> 
Outputs 


PORTB<7:6> have 
external 
pull-up 
and are 
not 
connected 
to other 
circuitry. 


PORTlatch 
PORT 
pins 


---------- 


BCF 
PORTB. 7 
Olpp 
pppp 
llpp 
pppp 
BCF 
PORTB. 6 
lOpp 
pppp 
llpp 
pppp 
BSF 
STATUS. 
RPO 
BCF 
TRISB, 
7 
lOpp 
pppp 
llpp 
pppp 
BCF 
TRISB. 
6 
lOpp 
pppp 
lOpp 
pppp 


Note 
that 
the 
user 
may have 
expected 
the 
pin 
values 
to be OOpppppp. The 2nd BCF caused RB7 


to be latched 
as the pin value 
(High). 


A pin actively outputting a Low or High should not be 
driven from external devices althe same time in order to 
change the level on this pin ('wired-or", 
"wired-and"). 


The resulting high output currents may damage the chip. 


5.6.2 
SUCCESSIVE 
OPERATIONS ON 1/0 PORTS 


The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5-9). 
Therefore, 
care must be exercised 
if a write 


followed by a read operation is carried out on the same 
1/0 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions 
with a NOP or an other instruction 
not 


accessing this 1/0 port. 


Fe 
X 
PC+1 
X 
MOVWF PortB 
, 
MOVF PortB, W 
Write to 
Read Port B 
Port B 


PC+2 


NOP 
PC+3 
NOP 
This example shows wrne to PortB 
followed by a read from PortB. 
Note that : 
data setup time = (0.25 TCY -TPD) 
where TCY = instruction cycle. 


Therefore, at higher clock 
frequencies. a write followed by a 
read may be problematic. 


RB<7:0>; 
~~ 
' , 
, 
, 
Port pin 
, 
, 
sampled hen; 


Tming 
Spec 
14 ~I 
1-4- 


Execute 
MOVWF 
PortB 


Execute 
MOVF 
PortB,W 


flrr®~ijmij~lffirr)f 


2-427 


• 


PORTD operates as an 8-bit wide parallel slave port, or 
microprocessor 
port 
when 
control 
bit PSPMODE 
(TRISE<4» 
is set. In slave mode it is asynchrono\!§]y 
readable and writable by the external world throu9h..8.D 
control input (REO/RD) and WR control input (RE1/WR ). 


It can directly interface to an 8-bit microprocessor data 
bus. The microprocessor can read or write the port D 
latch as an 8-bit latch. SetlliJg PSPMODE also enables 
the port pin REOto be the RD input, RE1 to be the WR 
input and RE2 to be the CS (chip select) input. For this 
functionality, the corresponding data direction bits of the 
TRISE register (TRISE<2:0» 
must be configured as 


inputs (set). 


There are actually two 8-bit latches, one for data-out 
(from the PIC16/17) and one for data input. The user 
writes 8-bit data to port D data latch and reads data from 
the port pin latch (note thatthey have the same address). 
In this mode the TRISD register is ignored, since the 
microprocessor is controlling the direction of data flow. 


Status flag IBF, Input Buffer Full (TRISE<7», 
is set if a 
received word is waiting to be read by the CPU. Once 
the PORTD input latch is read by the PIC16C74,IBF 
is 
cleared. IBF is a read only status bit. Status flag OBF, 
Output Buffer Full (TRISE<6», 
is set if a word written to 
PORTD latch is waiting to be read by the external bus. 
Once the PORTD output latch is read by the micropro- 
cessor, OBF is cleared. 
Status flag IBOV, Input Buffer 
Overflow (TRISE<S», 
is set if a second word is written 


to the microprocessor port when the previous word has 
not been read by the CPU. It is a read/write bit and must 
be cleared by the CPU. 


When not in PSPMODE, IBF and OBF bits are held as 
cleared. 
However, if the IBOV flag was previously set, 
it must be cleared in the software. 


An interrupt is generated and latched into control bit 
PSPIF (PIR1<7» 
when a read or a write operation is 


completed. The PSPI F interrupt flag must be cleared by 
the CPU and the interrupt can be disabled by clearing 
the interrupt enable bit PSPIE (PIE1<7». 


FIGURE 5-10: 
PORTO AND PORTE AS A 
PARALLEL SLAVE PORT 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTD 
Parallel slave port 
08h 
xxxx 
xxxx 


Read/Write Data 


TRISD 
PortD data direction register 
88h 
1111 
1111 


PORTE 
Parallel slave port Read/Write/Chip 
Select signals 
09h 
---- -xxx 


TRISE 
Control bits for Port D peripheral 
89h 
0000 
-111 


PIR1 
Interrupt register (PSPIF bit) 
OCh 
0000 
0000 


PIE1 
Interrupt Enable register (PSPIE bit) 
8Ch 
0000 
0000 


IPJr®~i1miIfU©lJr~ 


2-428 


The PIC16C74 has three timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred (Le. timer overflow). Each of these modules is 
explained in full detail in the following sections. The 
timer modules are: 


Timer 0 (TMRO) module(see Section 7) 
Timer 1 (TMR1) module (see Section 8) 
Timer 2 (TMR2) module (see Section 9) 


For enhanced time-based functionality, two additional 
modules can be used with either of the TMR1 or TMR2 
modules. There are: 


Capture/Compare/PWM1 
(CCP1) module 


(see Section 10) 


Capture/Compare/PWM2 
(CCP2) module 


(see Section 10) 


6.1 TimerO (TMRO) Overview 


The TMRO module is identical to the RTCC module of 
other PIC16CXX enhanced core products (and very 
similar to the PIC16C5X products). The TMRO module 
is a simple 8-bit overflow counter. The clock source can 
be either the intemal 
system clock (OSC/4) or an 


extemal clock. When the clock source is an external 
clock, the TMRO module can be selected to increment 
on either the rising or falling edge. 


The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
TMRO module or the Watchdog timer. The PSA bit 
(OPTION<3» 
assigns the prescaler, and the PS2 -PSO 


(OPTION<2:0» 
determines the prescaler value. The 


TMRO can increment at the following rates: 1:1 (when 
prescaler assigned to Watchdog timer), 1:2, 1:4, 1:8, 
1:16,1:32,1:64,1:128,1:256. 


Synchronization 
of the extemal clock occurs after the 


prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device's fre- 
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 


When the clock source is an external clock, the TMRO 
module can be selected to increment on either the rising 
or falling edge. 


6.2 Timer1 (TMR1) Overview 


Timer1 (TMR1) is a 16-bit timer/counter. 
The clock 
source can be either the intemal system clock (OSC/4), 
an external clock, or an extemal crystal. 
TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either 
operate 
synchronized 
to 
the 
device 
or 


asynchonously to the device. Asynchonous operation 
allows TMR1 to operate during sleep, which is useful for 
applications that require a real time clock as well as the 
power savings of sleep mode. 


TMR1 also has a prescaler option which allows the 
TMR1 to increment at the following rates: 1:1, 1:2, 1:4, 
1:8. TMR1 can be used in conjunction with the Capture 
/ Compare / PWM (CCP1 or CCP2) module. When used 
with the CCP10r CCP2 module, TMR1 is the timebase 
for 16-bit capture or the 16-bit compare. When using the 
TMR1 module with the CCP10r CCP2 module, TMR1 
must be synchronized to the device (timer or synchro- 
nized counter mode). 


6.3 Timer2 (TMR2) Overview 


Timer2 (TMR2) is an 8-bit timer. TMR2 has both a 
programmable prescaler and postscaler, as well as an 8- 
bit period register (PR2). TMR2 can be used with the 
CCP 1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler 
option 


which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 


The postscaler allows TMR2 to match the period register 
(PR2) a programmable number of times before generat- 
ing an interrupt. The postscaler can be programmed 
from 1:1 to 1:16 (inclusive). 


6.4 CCP1 and CCP2 Overview 


The CCP modules can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or 10-bit Pulse 
Width Modulation (PWM) 


Capture mode, captures the 16-bit value of TMR1 into 
the CCPRxH:CCPRxL register pair. The capture event 
can be programmed for either the falling edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCPx pin. 


Compare mode, compares the TMR1 H:TMR1 L register 
pair to the CCPRxH:CCPRxL 
register pair. When a 


match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low) TMR1 can be reset (CCP1) or TMR1 reset and 
start AID conversion 
(CCP2). 
This depends 
on the 


control bits CCPxM3 - CCPxMO. 


PWM mode, compares TMR2 to a 10-bit duty cycle 
register as well as to an 8-bit period register (PR2). 
When the TMR2 = PR2, TMR2 
is reset to OOh, an 
interrupt can be generated, 
and the CCPx pin (if an 


output) will be forced high. When the TMR2 = Duty Cycle 
register, the CCPx pin will be forced low. 
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The TMRO module timer/counter has the following fea- 
tures: 


B-bit timer/counter 
Readable and writable (file address 01h) 
B-bit software programmable prescaler 
Internal or external clock select 
Interrupt on overflow from FFh to OOh 
Edge select for external clock 


Figure 7-1 is a simplified block diagram of the TMRO 
module. 


Timer 
mode 
is selected 
by clearing 
the 
RTS 
bit 


(OPTION<5». 
In timer mode. the TMRO module will 


increment every instruction cycle (without prescaler). 
If 


TMRO is written. increment is inhibited for the following 


two cycles (see Figures 7-2 and 7-3). The user can work 
around this by writing an adjusted value to the TMRO 
module. 


Counter 
mode is selected 
by setting 
the 
RTS bit 


(OPTION<5». 
In this mode TMRO will increment either 


on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined 
by control bit RTE 


(OPTION<4». 
Clearing the RTE bit selects the rising 


edge. 
Restrictions on the external clock input is dis- 


cussed in detail in Section 7.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by control bit. PSA (OPTION<3». 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. 
When the 


prescaler is assigned to the TMRO module. prescale 
value of 1:2, 1:4, ...• 1:256 are selectable. 
Section 7.3 


details the operation of the prescaler. 


Syncwilh 
Internal 
ctocks 


Set TOIF 
Interrupt on 
Overflow 


Notes: 
1. 
Bits, RTE, RTS. PS2, PS1, PSO AND PSA are located in OPTION register. 


2. 
The prescaler is shared with Watchdog Timer (refer to Figure 7--6 for detailed diagram). 
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7.1 TIMERO (TMRO) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to DOh.This overflow 
sets the TOIF bit. 
The interrupt can be masked by 
clearing the TOlE bit (INTCON<5». 
The TOIF bit 
(INTCON<2» 
must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 7-4 for TMRO interrupt timing. 


7.2 Using TMRO with External Clock 


When external clock input is used for TMRO. it is syn- 
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 


Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 7-5, the synchronization is done after 
the prescaler. 
The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore. it is necessary for PSOUTto be high 
for at least 2 tosc and low for at least 2 tose where: 


tosc = oseillator time period. 


When no presealer is used. PSOUT(Presealer output. 
see Figure 7-1) is the same as TMRO clock input and 
therefore the requirements are: 


TRTH 
TMRO 
high 
time 
~ 2tosc 
+ 
~T 
(See parameter #40) 


TRTL 
TMRO 
low 
time 
~ 
2tosc 
+ 
~T 
(See parameter #41) 


When prescaler is used, the TMRO module input is 
divided bytheasynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 


Then: 


PSOUThigh time = PSOUT low time = 
N °2TFIT 


where 


TRT 
TMRO input period 


N 
preseale value (2. 4, ....• 256). 


The requirement is. therefore: 


NoTRT > 2tose+~T.orTRT~ 
4tosc+2<iT 
2 
- 
N 


where 


~T 
small RC delay 


(see Timing Specifications). 


The user will notice that no requirement on TMRO high 
time or low time is specified. 
However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected. hence a minimum high or low time of 10ns 
is required. 
In summary. the TMRO module input re- 


quirements are: 


TRT 
TMRO period ~ (4 tose + 2 ~T)/N 


TRTH 
TMRO high time ~ ~T 


TRTL 
TMRO low time ~ ~T 


GIEbit 
(INTCON 
<7» 


INSTRUCTION 
FLOW 


Instruction 
{ 
fetched 


Instruction 
{ 
executed 


Notes: 
1.TOIFinterruptflagissampledhere(everyQ1). 
2. Interruptlatency= 4TcywhereTcy= instructioncycletime. 
3. CLKOUTisavailableonlyinRCoscillatormode. 
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Delay from external clock edge: Since the presealer 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs 
to the time 
the TMRO module 
is actually 
incremented. 
Referring to Figure 7-5, the reader can 
see that this delay is between 3 tose and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tose (±200ns @ 
20 MHz). 


7.3 Prescaler 


An B-bitcounter is available as a presealer for the TMRO 
module, or as a post-sealer for the Watchdog Timer, 
respectively (see Figure 7-6). For simplicity, this counter 
is being referred to as 'prescaler" throughout this data 


sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. 
Thus, a presealer 
assignment for the TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 


The PSA and PS2-PSO bits (OPTION<3:0» 
determine 
the prescaler assignment and pre-seale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 1, MOVWF 1, 
BSF l,x ....etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDTinstruction will clear the presealer 
along with the Watchdog Timer. 
The prescaler is not 
readable or writable. 


:~I~lml~:~I~lml~:~I~lml~:~I~lml~: 


EXTCLOCK INPUTOR I 
Sr:nallpulse I . 


PRESCALEROUT (NOTE2) 
missessampling 


INCREMENTTMRO(04) 


TMRO 
Notes: 


1. 
Delayfrom clock inputchangeto TMROincrementis 3tose to 7 tose. (Durationofa = tose). 
Therefore,the error in measuringthe intervalbetweentwo edges on TMROinput=± 4 tosc max. 


2. Externalclock if no presealerselected,Presealeroutputotherwise. 
3. The arrows indicatethe pointsin timewheresamplingoccurs. 


TOCKII7l----.. 


Pin 
~ 
,.} 


RTE 


M 
U 
o 
X 


SYNC 
2 
CYCLES 


SetTOIF 
Interrupt 
onOverflow 


Nme:RTE,RTS,PSA,PS~PS2 
arebitsintheOPTIONregister 
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The prescaier assignment is fully under software con- 
trol, Le., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 7-1) 
must be executed when changing the prescaler assign- 
ment from TMRO to WDT. 
Depending on the selected 


prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 


EXAMPLE 7-1: 
CHANGING PRESCALER 
(TMRO~WDT) 


l. BCF 
STATUS, RPO 
; Bank 
0 
2. 
CLRF 
TMRO 
;Clear TMRO 
3. 
BSF 
STATUS. RPO 
;Bank 
1 
4. 
CLRWDT 
;Clears 
WDT and 
prescale 
5. 
MOVLW 
B'xxxxlxxx' 
;Select 
new 
prescale 
6. 
MOVWF 
OPTION 
value 
7. BCF 
STATUS. RPO 
;Bank 
0 


Steps 2 and 3 are only required if an external TMRO 
source is used. Steps 9 and 10 are necessary only if the 
desired prescale value is '000' or '001'. 


To change prescalerfrom the WDTto the TMRO module 
use the sequence shown in Example 7-2. This precau- 
tion must be taken even if the WDT is disabled. 


EXAMPLE 7·2: 
CHANGING PRESCALER 
(WDT~TMRO) 
•• 


;Select 
TMRD, 
new 
iprescale 
value 
and 
;clock 
source 


Register Name 
Function 
Address 
Power-on 
Reset Value 


TMRO 
Timer/counter register 
01h 
xxxx 
xxxx 


OPTION 
Configuration and prescaler assignment 
81h 
1111 
1111 


bits for TMRO. See Figure 4-4 


INTCON 
TMRO overflow interrupt flag and mask bits 
OBh 
0000 
OOOX 


See Figure 4-5 


Address 
Name 
Bit? 
Bit6 
Bit 5 
Bit4 
Bit 3 
Bit 2 
Bit 1 
BitO 


01 
TMRO 
TIMERO 


OBl8B 
INTCON 
GIE 
PEIE 
TOlE 
INTE 
RaIE 
TOIF 
INTF 
RBIF 


81 
OPTION 
ABPU 
INTEDG 
RTS 
RTE 
PSA 
PS2 
PS1 
PSO 


85 
TRISA 
- 
- 
TRlSA5 
TRISA4 
TAISA3 
TAlSA2 
TAISA 1 
TRISAO 


Legend - 
= Unimplementedlocations,Readas '0' 


Shadedboxesare not usedby TMROmodule. 
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Timer1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMA1 Hand TMA1 L) which are readable and 
writable. 
TMA1 increments from 0000h to FFFFh and 


rolls overto OOOOh.An interrupt, if enabled, is generated 
on overflow which is latched in interrupt flag bitTMA11F 
(PIA1<0». 
This interrupt can be enabled or disabled 


using the timer1 interrupt enable bitTMA11E (PIE1<0». 


TMA1 can operate in one of two modes: 


• 
Asa timer 


• 
As a counter 


This is determined 
by the clock select bit, TMA1 CS 


(TICON<1». 


In timer mode, TMA1 increments every instruction cycle. 
In counter mode, it increments on every rising edge of 
the extemal clock input on ACO/n OSOIT1 CKI. 


Timer1 can be tumed on or off using the control bit 
TMA10N 
(T1CON<0». 
See description 
of T1CON 


control register for all control bits related to Timer1. 


Timer1 also has an intemal 'reset input'. This reset can 
be generated by CCP1 or CCP2 (Capture/compare/ 
PWM) module. See Section 10 for details. 
Figure 8-1 


shows the Timer1 control register. 


When the Timer1 oscillator is enabled (T10SCEN 
is 


set), the AC1IT1 OSI/CCP2 pin becomes an input. That 
is, the TAISC<1> value is ignored. 
The ACOIT10S0/ 


n CKI pin should normally be configured as an input (for 
extemal clock). However, this pin can be configured as 
an output if self-docking 
(through the output pin) is 


desired. 


1-1-IT1CKPS1InCKPSO 
InOSCENIT11NSYNCITMR1CS 
ITMR10N 
I 


7 
b~ 


Register. 
T1CON 
RIW: 


Address: 
10h 
POR reset value: 
ooh 
R: 
U: 


Readable 
& 
writable 
Read only 
Unimplemented, 
read as '0' 


TMR10N: 
Timer1 on bit. 


1 = Enables timer1 
o = Stops timer1 


TMR1CS: Timer1 clock select. 


1 = Extemal clock (RCOfTCKI pin) (rising edge) 
o = Internal clock (OSC/4) 


T1INSYNC: 
Timer1 external clock input 


synchronization 
control. 


When TMR1CS = 1 (Timer1 uses an external clock) 


1 = Do not synchronize 
external clock input 


o = Synchronize external clock input 


When TMR1CS = 0 (Timer1 uses the internal clock). 


This bit is ignored. 


T10SCEN: 
Timer1 oscillator enable/disable. 


1 = Oscillator is enabled 
0= Oscillator shut off. The oscillator 
inverter and 


feedback resistor are turned off to eliminate 
power drain. 


T1 CKPS<l 
:0>: Timer1 input clock prescale select. 


11 = Prescale value = 8 
10 = Prescale value = 4 
01 = Prescale value = 2 
00 = Prescale value = 1 
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8.1 TMR1 Operation in Timer Mode 


Timer 
mode 
is selected 
by clearing 
the TMR1 CS 


(T1CON<1» 
bit. 
In this mode, the input clock to the 


timer is OSC/4. 
The synchronize control bit T11NSYNC 


(T1CON<2» 
has no effect since the intemal clock is 
always in sync. 


8.2 TMR1 Operation in Synchronized 
Counter Mode 


Counter mode is selected by setting the TMR1 CS bit. In 
this mode the timer increments on every rising edge of 
clock input on pin RC11T1OSI/CCP2 (when T10SCEN 
is set) or the RCOIT10S01T1CKI. 


If T11NSYNC is cleared, then the extemal clock input is 
synchronized with internal phase clocks. The synchro- 
nization is done after the prescaler stage. The prescaler 
stage is an asynchronous ripple counter. 


In this configuration, during SLEEP mode, TMR1 will not 
increment even if external clock is present, since the 
synchronization 
circuit is shut off. The prescaler how- 
ever will continue to increment. 


TMR11F 
Overflow 
interrupt 


RCOI 
T10S01 
T1CKI 


RC11 
T10SI1 
CCP2 


8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 
SYNCHRONIZED COUNTER MODE 


In synchronized counter mode, the presealer output is 
sampled twice every instruction cycle. 
Therefore, the 
following restrictions apply to extemal clock input: 


when prescaler is 1:1: 


TTCKIH= nosl 
high time ~ 2 tose + !iT 


TTCKIL= T10S1 low time ~ 2 tosc + !iT 


where !iT = small RC delay (see timing specifications) 


when prescaler is higher: 


The input clock is divided 
by two or more, so the 
presealer output is symmetrical. 
The requirements are 


then: 


Prescaler out high time = Prescaler out low time 
= N· TT1CKIP~ 2 tosc + !iT 
2 


or 
TT1cKIP ~ 4 tose + !iT 


N 
n OSI input clock period 
preseale value (2, 4, 8) 
small RC delay 
(see timing specifications) 


Note that no requirement on minimum high time or low 
time is mentioned. 
However, if the pulse is too small it 


may not be recognized. Hence a minimum high and low 
time is specified. 


TT1cKIH~!iT 
(see timing specification #45) 
TT1CKIL>!iT (see timing specification # 46) 


TT1CKIP= 
N 
!iT 
= 


S nchronized 
clock input 


OSC/4 
Internal 
0 
Clock 
2 


TMR1CS 
T1CKPS<1:0> 
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8.3 
TMR1 Operation in Asynchronous 
Counter Mode 


If the control bit T11NSYNC is set, the external clock 
input is not synchronized. The timer continues to incre- 
ment asynchronous to the internal phase clocks. 
The 
timer will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed to 
read/write the timer (see Section 8.3.2). 


In asynchronous counter mode, Timer1 can not be used 
as timebase for capture or compare operations. 


8.3.1 EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED 
CLOCK 


If T1INSYNC is set, the timer will increment completely 
asynchronously. 
The input clock must meet a certain 
minimum high time and low time requirements, as speci- 
fied in timing specifications #45 and #46. 


8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS 
COUNTER MODE 


Reading TMR 1H or TMR1 L while the timer is running off 
external asynchronous clock will guarantee a valid read 
(taken care of in hardware). 
However, the user should 
keep in mind that reading the 16-bit timer in two 8-bit 
values itself poses certain problems since the timer may 
overflow between the reads. 


For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten- 
tion may occur by writing to the timer registers while the 
register is incrementing. 
This may produce an unpre- 
dictable value in the timer register. 


Writing to the timer is no problem, 
if the timer clock is 
slower than the instruction cycle time. Reading the 16- 
bit value 
requires some care. 
Example 8-1 is an 
example routine to read the 16-bit timer value. This is 
useful if the timer cannot be stopped. 


EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 


MOVF 
TMR1H, 
Wreg 
Read 
high 
byte 
MOVWF 
TMPH 
MOVF 
TMR1L, 
Wreg 
Read 
low byte 
MOVWF 
TMPL 
MOVF 
TMR1H, 
Wreg 
Read 
high 
byte 
SUBWF 
TMPH, 
Wreg 
Sub 
1st 
read 
with 
2nd read 
BTFSC 
STATUS. 
Z 
is result 
= 
0 
GOTO 
CONTINUE 
Good 
16-bit 
read 


TMR1L 
may 
have 
rolled 
over 
between 
the 
read 
of 
the high 
and 
low bytes. 
Reading 
the high 
and 
low bytes 
now 
will 
read 
a good 
value. 


MOVF 
TMRIH, 
Wreg 
MOVWF 
TMPH 
MOVF 
TMRIL, 
Wreg 
MOVWF 
TMPL 
Re-enable 
Interrupt 
(if 
CONTINUE 
required) 
Continue 
with 
your 
; code 


A crystal oscillator circuit is built in between T10S1 pin 
(input) and T10S0 
(amplifier output). 
It is enabled by 
setting control bit T1OSCEN (T1CON<3». 
The oscilla- 
tor is a low power oscillator rated up to 200KHz. 
It will 
continue to run during SLEEP. It is primarily intended for 
a 32KHz crystal. Table 8-1 shows the capacitor selec- 
tion for the Timer1 oscillator. 


The Timer1 oscillator is identical to the LP oscillator. The 
user must allow software time-out to ensure proper 
oscillator start-up. 


TABLE 8-1: 
CAPACITOR SELECTION FOR 
THE TIMER1 OSCILLATOR 


Osc 
Freq 
C1 
C2 
Type 


LP 
32 KHz§ 
15pF 
15 pF 
100 KHz 
15 pF 
15 pF 
200 KHz 
0- 15 pF 
0-15 
pF 


Highercapacitanceincreasesthe stabilityof oscillatorbut 
also increases the start-up time. These values are for 
designguidanceonly. 
§ForVoa> 4.5V, C1 = C2 - 30pfis recommended. 
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8.5 
Resetting Timer1 using a CCP Trigger 
Output 


If CCP1 orCCP2 module isconfigured in compare mode 
to generate a 'special event' trigger (CCP1 M<3:0> = 
1011l, this signal will reset timer1. 


Timer1 must be configured for timer or synchronized 
counter mode operation to take advantage of this fea- 
ture. 
If the Timer1 is running in asynchronous counter 


mode, this reset operation may not work. 


In the event that a write to Timer1 coincides with a reset 
trigger from CCP1 or CCP2, the write will take prece- 
dence. 


In this mode of operation, the CCPRxH:CCPRxL 
regis- 


ters pair effectively becomes the period register for the 
timer1. 


8.6 
Resetting of Timer Registers 


TMR1H and TMR1L registers are not reset on POR or 
any other reset except by the CCP1 special resettrigger. 


T1CON register is reset to DOhon Power-on Reset. In 
any other reset, the register is unaffected. 


8.7 
Prescaler 


The prescalercounter 
is cleared on writes to the TMR1 H 


or TMR 1L registers. 


Address 
Name 


OBl88 
INTCON 


OC 
PIAl 


8C 
PIEl 


OE 
TMAll 


OF 
TMA1H 


10 
nCON 


legend 
- 
= Unimplemented 
locations, Aead as '0' 


Note: 
Shaded boxes are not used by Timerl 
module. 
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Timer2 is an 8-bittimerwith 
a prescaler and a postscaler. 


It is especially suitable as PWM time-base (for PWM 
mode of CCP modules). 
TMR2 
is a readable and 
writable register. 


The input clock (oscl4) has a prescale option of 1, 4 or 16 
(selected by control bits TCKPS1, TCKPSO, register 
T2CON). 


Timer2 has an 8-bit period register PR2. Timer2 incre- 
ments from OOhuntil it matches PR2 and then resets to 
OOh. PR2 is a readable and writable register. 


The overflow (or match) output of TMR2 goes through a 
4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generate timer2 interrupt (latched inTMR21Fbit, PIR<1». 


Timer2 can be shut off using TMR20N 
(T2CON<2» 
control bit to minimize power consumption. 


Figure 9-2 shows the Timer2 control register. 


9.1 Prescaler and Postscaler 


The prescaler and postscalercounters 
are cleared when 


any of the following occurs: a write to the TMR2 register, 
a write to the T2C.QtLr.egister, 
or any device reset 


(Power-on 
Reset, MClA 
reset, or Watchdog 
Timer 


reset). 


9.2 
Output of TMR2 


The output of TMR2 (before the postscaler) is fed to the 
synchronous serial port module which optionally uses it 
to generate shift clock. 
FIGURE 9-1: TIMER2 BLOCK DIAGRAM 


Timer2 
interrupt 
TMR21F 


Register: 
T2CON 
ANI: 
Readable & 
Address: 
12h 
writable 
Reset value: 
OOh U: 
Unimplemented 


T2CKPS<1 :0>: Timer2 clock prescaler select. 


00 = Prescaler is 1 
01 = Prescaler is 4 
1x = Prescaler is 16 


TMR20N: 
Timer2 on/off control. 


1 =TMR2 
ison 
0=TMR2 
isolf 


TOUTPS<3:0>: 
Timer2 output postscale select 


סס oo = Postscaler 
is 1 
0001 = Postscaler 
is 2 


1111 = Postscaler 
is 16 


Unimplemented. 


Read as '0' 


Address 
Name 
Bit 7 
Bit 6 
Bit 5 
Bit4 
Bit 3 
Bit 2 
Bit 1 
Bit 0 


OB 
INTCON 
GtE 
PEIE 
TOle 
lNTE 
RBIE 
TOIF 
lNTF 
RBlF 


oc 
PIR1 
PSPIF 
- 
- 
- 
SSPIF 
CCP11F 
TMR21F 
TMR11F 


8C 
PIE1 
l"SPtE 
- 
- 
- 
ssmE 
'CCP1Ie 
TMR21E 
TMRtlE 


11 
TMR2 
Timer2 


12 
T2CON 
- 
TOUTPS3 
TOUTPS2 
TOUTPS1 
TOUTPSO 
TMR20N 
T2CKPS1 
T2CKPSO 


92 
PR2 
Timer2 period Register 


Legend 
- 
= Unimplemented 
locations, Read as '0' 
Note: 
Shaded boxes are not used by Timer2 module. 
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10.0 CAPTURElCOMPARElPWM 
MODULE 


10.1 Capture Mode 


In Capture mode, CCPRl H:CCPRl L captures the 16- 
bit value of TMRl 
when an event occurs on pin RC2I 


CCP1. An event is defined as: 


1. A falling edge 
2. A rising edge 
3. Every 4 rising edges 
4. Every 16 rising edges 


One of these is selected by the control bits CCPl M <3:0> 
in register CCPl CON. 
When a capture is made the 
interrupt request/lag, CCPllF 
bit (PIR<2» is set. It must 


be reset in software. 
If another capture occurs before 


the value in register CCPRl 
is read, the old captured 
value will be lost. 
In capture 
mode, the RC2ICCPl 


pin should be configured as an input through its corre- 
sponding TRIS bit. 


The PIC16C74 has two Capture/Compare/PWM 
(CCP) 


modules consisting of a 16-bit register which can operate 
as a 16-bit capture register, as a 16-bit compare register 
orasaPWMoutput. 
(BoththeCCPl 
and CCP2 modules 


are identical in operation, with the exception 
of the 


special trigger.) 
In the following sections, the operation 


of a CCP module is decribed with respect to CCP1. 
Please note that CCP2 is similar to CCP1, except where 
noted. 


CCPl 
module: 


Capture/comparelPWM 
registerl (CCPR1) is made up 


of two 8-bit sections: low byte, CCPRl L and high byte, 
CCPR1H. 
Both are readable and writable. 


CCP2 module: 


CapturelcomparelPWM 
register1 (CCPR2) is made up 


of two eight bit sections: low byte, CCPR2L and high 
byte, CCPR2H. 
Both are readable and writable. 


When the capture mode is changed, a false capture 
interrupt may be generated. 
The user should clear the 


CCPllF 
bit following 
any such change in operating 


mode. 


Register: 
CCP1CON 
Address: 
17h 
Register: 
CCP2CON 
Address: 
10h 
POR value: 
OOh 


RIW: 
Readable & 
writable 


U: 
Unimplemented 


CCPxM <3:0>: 
CCPl 
mode select. 


0000 = Capture!comparelPWM 
off 
(Resets CCPl 
module) 
0100 = Capture mode, every falling edge 
0101 = Capture mode, every rising edge 
0110 = Capture mode, every 4th rising edge 
0111 = Capture mode, every 16th rising edge 
1000 = Compare 
mode, set output on match 


(CCPxIF bit is set) 
1001 = Compare 
mode, clear output on match 
(CCPxIF bit is set) 


1010 = Compare 
mode, generate software 


interrupt (CCPxIF bit is set). 
CCPl 
pin is unaffected 


1011 = Compare 
mode, trigger special event 


- 
CCPl 
resets TMRl 


- 
CCP2 resets TMRl 
and starts an AID 


conversion 
(if AID module is on) 


llXX 
= PWM mode 


CCPxX:CCPxY: 
Two low order bits. 
Captyre mode: 
Unused 


Compare mode: 
Unused 


PWM mode: 
Write the two low order bits in high 
resolution (10-bit) mode. 
May be kept constant (at '0') 
if only S-bit resolution (in standard resolution mode) is 
desired. 
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There 
are 
four 
prescaler 
setting, 
specified 
by 
the 
CCP1 M3-CCP1 
MO bits. 
Whenever 
the CCP module 
is 


turned 
off, orthe 
CCP module 
is not in capture 
mode, 
the 
prescaler 
counter 
is cleared. 
This means 
that any reset 
will clear 
the prescaler 
counter. 


Switching 
from 
one 
capture 
prescaler 
to another 
may 
generate 
an interrupt. 
Also, 
the 
prescaler 
counter 
will 


not be cleared, 
and 
therefore 
the first capture 
may 
be 
from 
a non-zero 
prescaler. 
Example 
10-1 shows 
the 
recommended 
way to switch between 
capture 
prescalers. 
This example 
also clears 
the prescaler 
counter 
and will 
not generate 
the 
"false" 
interrupt. 


EXAMPLE 10-1: 
CHANGING BETWEEN 
CAPTURE PRESCALERS 


CLRF 
CCP1CON 
Turn CCP module off 
MOVLW 
NEW_CAPT_PS 
Load the W reg with 
the new 
prescaler 
mode value and CCP ON 
MOVWF 
CCP1CON 
Load CCP1CON with 
this 
value 


Timer1 
must 
be running 
in timer 
mode 
or synchronized 
counter 
mode 
for the CCP1 
modules 
to use the capture 
feature. 
In asynchronous 
counter 
mode 
the 
capture 
operation 
may 
not work. 


10.2 
Compare Mode 


In compare 
mode, 
the 
16-bit 
CCPR1 
register 
value 
is 
constantly 
compared 
against 
the timer1. 
When 
a match 


occurs, 
the RC2/CCP1 
pin is: 


• 
Driven 
High 


• 
Driven 
Low 


• 
Remains 
Unchanged 


The 
action 
on 
the 
pin 
is based 
on 
the 
control 
bits 
CCP1 M <3:0> 
in register 
CCP1 CON. 
At the same 
time, 
a compare 
interrupt 
is also 
generated 
(bit 
CCP11R, 
register 
CCP1CON). 
The user must setthe 
RC2/CCP1 
pin as an output 
through 
the TRISC<2> 
bit. 


Note: 
Clearing 
the 
CCP1CON 
register 
will 
force 
the 
RC2/CCP1 
compare 
output 
latch 
to the 
default 
low level. 
This 
is not the data 
latch. 


Timer1 
must be running 
in timer 
mode 
or synchronized 
counter 
mode 
if the CCP1 
module 
is using 
the compare 
feature. 
In asynchronous 
counter 
mode, 
the compare 
operation 
may not work. 


Another 
compare 
mode 
is software 
interrupt 
mode 
in 
which 
the 
CCP1 
pin 
is not 
affected. 
Only 
CCP11F 
interrupt 
is generated. 


In this mode, 
an internal 
hardware 
trigger 
is generated 
which 
may 
be used to initiate 
an action. 


The 
special 
trigger 
output 
of CCP1 
resets 
the 
timer1. 


This allows 
the CCPR 1 register 
to effectively 
be a 16-bit 
programmable 
period 
register 
for timer1. 


The special 
trigger 
output 
of CCP2 
starts 
an AID conver- 
sion 
(if the AID module 
is on) and 
resets 
Timer1. 
This 
allows 
AID conversions 
to be done 
at a constant 
(sam- 
pling) 
frequency 
without 
software 
overhead. 


+- Set CCPxIF 
•...~ 
interrupt 
& ~ 
PIR<2> 
.g'a; 
•.... 
·0 
8. 


t 
For CCP1 (if enabled), reset Timer1. 
For CCP2 (if enabled), resetTimer1 
one set GO bit 
(ADCONO<2». 
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10.3 PWM Mode 


In Pulse Width Modulation (PWM) mode, the RC2/CCP1 
produces up to 10-bit resolution PWM output. This pin 
must be configured as an output through the TRISC<2> 
bit. In PWM mode, the user writes the 8-bit duty-cycle 
value to the low byte of the CCPR1 register, namely 
CCPR1 L. The high-byte, CCPR1 H is used as the slave 
buffer to the low byte. The 8-bit data is transferred from 
the master to the slave when the PWM1 output is set (Le. 
althe beginning of the duty cycle). This double buffering 
is essential for glitchless PWM output. In PWM mode, 
CCPR 1H is readable but not writable. The period of the 
PWM is determined by the timer2 period register (PR2). 


PWM period is = 
[(PR2) + 1104 tose 0 (TMR2 prescale value) 


PWM duty cycle = 
(DC1) 
0 tosc 0 (TMR2 preseale value) 


where 
DC1 
= 
10 
bit 
value 
from 
CCPRxL 
and 
CCPxCON<5:4> 
concantenated. 


The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 


Note: 
Clearing the CCP1CON register will fou:e the 
RC2ICCP1 PWM output latch to the default 
low level. This Is not the VO data Iatcb. 


FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 


Note: 8-bit timer is concantenated 
with 2-bit internal a clock 


or 2 bits of the prescaler to create 10-bit time base. 


TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 


Max 
Frequency 
Resolution 
(High 
TMR2 
TMR2 
TMR2 
Resolution 
Mode) 
Prescale = 1 Preseale =4 
Prescale = 1E 


10 bit 
19.53 KHz 
4.88 KHz 
1.22 KHz 


9 bit 
39.06 KHz 
9.77 KHz 
2.44 KHz 


8 bit 
78.13 KHz 
19.53 KHz 
4.88 KHz 


PWM Frequency 
• 
1.22 KHz 
4.88 KHz 
19.53 KHz 
78.13 KHz 
157.5 KHz 
210.53 KHz 


Timer Prescaler(1,4, 16) 
16 
4 
1 
1 
1 
1 


PR2Value 
OxFF 
OxFF 
OxFF 
OxFF 
Ox7F 
Ox5F 


Resoution(High-resolutionmodel) 
10-bit 
10-bit 
10-bit 
B-bit 
?-bit 
6.5-bit 


Resolution(Standard-resolutionmodel) 
B-bit 
B-bit 
B-bit 
6-bit 
5-bit 
4.5-bit 
t Standard resolution mode has the CCPIX:CCPIY 
bit constant (or '0'), and only compares the TMR2 against the PR2. The Q-cycles 
are not used. 
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Address 
Name 
Bit7 
Bit 6 
BitS 
Bit 4 
Bit 3 
Bit2 
Bit 1 
Bit 0 


OBl8B 
INTCON 
GIE 
PEIE 
TOlE 
INTE 
~IE 
TOlF 
INTF 
RBIf' 


DC 
PIR1 
PSPIF 
- 
- 
- 
SSP!F 
CCP11F 
TMR2JF 
TMR11F 


8C 
PIE1 
PSPIE 
- 
- 
- 
SSPlE 
CCPlIE 
TMR21E 
TMR11E 


OE 
TMR1L 
Timer1 Least Significant Byte 


OF 
TMR1H 
TImer1 Most Significant 
Byte 


10 
T1CON 
- 
- 
T1CKPS1 
T1 CKPSO 
T1 OSCEN IT11NSYNC 
TMR1CS 
TMR10N 


15 
CCPR1L 
Timer1 Capture Register (LSB) 


16 
CCPR1H 
TImer1 Capture Register (MSB) 


17 
CCP1CON 
- 
- 
CCP1X 
CCP1Y 
CCP1M3 
CCP1M2 
CCP1M1 
CCP1MO 


1A 
CCPR2L 
Timer1 Capture Register (LSB) 


1B 
CCPR2H 
Timer1 Capture Register (MSB) 


1C 
CCP2CON 
- 
- 
I CCP2X 
CCP2Ytj 
CCP2M3 
CCP2M2 
CCP2M1 
CCP2MO 


Address 
Name 
Bit 7 
Bit 6 
Bit S 
Bit4 
Bit3 
Blt2 
Bit 1 
Bit 0 


OBl8B 
INTCON 
GIE 
PEIE 
TOlE 
INTE 
fl8IE 
Till!" 
tN1'F 
ABIF 


DC 
PIR1 
'PsP\F 
- 
- 
- 
SSPIF 
CCP11F 
TMR2IF 
TMR11F 


8C 
PIE1 
;PSPIE 
- 
- 
- 
SSPlE 
CCP11E 
TMR2IE 
TMR11E 


OE 
TMR1L 
Timer1 Least Significant Byte 


OF 
TMR1H 
TImer1 Most Significant 
Byte 


10 
T1CON 
- 
I 
- 
T1CKPS1 
InCKPSO 
T10SCEN 
T11NSYNC 
TMR1CS 
TMRlON 


15 
CCPR1L 
Timer1 Compare Register (LSB) 


16 
CCPR1H 
Timer1 Compare Register (MSB) 


17 
CCP1CON 
- 
- 
! CCP1X I CCP1Yj 
CCP1 M3 
CCP1M2 
CCP1M1 
CCP1MO 


1A 
CCPR2L 
Timer1 Compare Register (LSB) 


1B 
CCPR2H 
Timer1 Compare Register (MSB) 


1C 
CCP2CON 
- 
- 
I CCP2X1 
CCP2Y 
••.. 
~ CCP2M3 
CCP2M2 
CCP2M1 
CCP2MO 


Address 
Name 


OBl8B 
INTCON 


DC 
PIR1 


8C 
PIE1 


11 
TMR2 


92 
PR2 


12 
T2CON 


15 
CCPR1L 


16 
CCPR1H 


17 
CCP1CON 


1A 
CCPR2L 


1B 
CCPR2H 


1C 
CCP2CON 


Bit 6 
Bit S 
Bit4 
Blt3 
Bit2 
Bit 1 
Bit 0 


PEIE 
TOlE 
lNTE 
INTF 
Rail" 


TMR21F 
TMRtlF " 


TMR21E 


Timer2 


Timer2 period Register 


Timer2 Duty Cycle Register 


Timer2 Duty Cycle Register (Slave) 
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11.0 
SYNCHRONOUS 
SERIAL PORT 
(SSP) 


The 
Synchronous 
Serial 
Port 
(SSP) 
module 
is a serial 


interface 
useful 
for communicating 
with other 
peripheral 


or microcontroller 
devices. 
These 
peripheral 
devices 


may be Serial 
EEPROMs, 
shift registers, 
display 
drivers, 
AiD converters, 
etc. The SSP module 
can operate 
in one 


of two modes: 


• 
Serial 
Peripheral 
Interface 
(SPI) 


Inter-Integrated 
Circuit 
WC) 


Register SSPSTAT 
Addr. 94h 
POR value: OOh 


RIW: 
Readable & 
writable bit 


R: 
Read only bit 


U: 
Unimplemented, 
read as '0' 


BF: 
Buller full 
Receive (SPI and I~ 
1 = Receive complete, SSPBUF is full 
o = Receive not complete, SSPBUF is empty 


Transmit (Fe mode only) 
1 = Transmit in progress, SSPBUF is full 
o = Transmit complete, SSPBUF is empty 


UA: 
Update Address (10-bit 12(; slave mode only). 


1 = Indicate that the user needs to update the 


address in the SSPADD register. 
See 


Section 11.2 for details. 


o = Address does not need to be updated. 


RiW: 
Readlwri1e bit information 
(12(; mode only) 


This bit holds the RlW bit information 
received 
following the last address match. 
This bit is only 


valid during the transmission. 
The user may use this bit in software to determine 
whether transmission 
or reception is in progress. 


1 = Read 
0= 
Wri1e 


s: Start M (12(; mode only) 
This bit is cleared when the SSP module is 
disabled (SSP EN is cleared) 
1 = Indicates that a start bit has been detected 
last. This bit is 0 on reset. 


o = Start bit was not detected 
last 


P: Stop bit (12(; mode only) 
This bit is cleared when the SSP module is 
disabled (SSPEN is cleared) 
1 = Indicates that a stop bit has been detected 


last. 


o = Stop bit was not detected last 


oil..: Data/Address bit (l'e 
mode only) 
1 = Indicates that the last byte received was data 
o = Indicates that the last byte received was 


address 
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r-;::RNoI=----;:RNoI::;----:RNoI:::-;--;RNoI:;-.:;--;;RNoI=--;;RNoI=--;RNoI:;-.:;--RNoI~:-;--~R=e=g=is=te=r=s=s=p=C=O=N::;:RNoI==:=R=ea=d=a=b=le=&==:;-l 
I WCOl 
I SSPOV I SSPEN I CKP I SSPM31 SSPM2 I SSPM11 SSPMO I 
Addr: 14h 
writable bit 


Bit 0 
POR value: ooh 
R: 
Read only bit 


U: 
Unimplemented, 
read as '0' 


'-- 
__ 
--L 
'- 
__ 
-'- 
SSPM<3:0>: 
Synchronous 
serial port mode select 


0000 = SPI master mode, clock = oscl4 
0001 = SPI master mode, clock = oscl16 
0010 = SPI master mode, clock = oscl64 
0011 = SPI master mode, clock = (TMR2 output/2) 
0100 = SPI slave mode, clock = SCK pin. SS pin control 


enabled. 


0101 = SPI slave mode, clock = SCK pin. SS pin control 


disabled. 
SS can be used as 1/0 pin. 


0110 = I'C slave mode, 7-bit address 
0111 = I'C slave mode, 1O-bit address 
1011 = I'C master mode support enabled (slave idle) 
1110 = I'C slave mode, 7-bit address with master mode 


support enabled 
1111 = I'C 
slave 
mode, 
10-bit address 
with master 


mode support enabled 


L- 
CKP: Clock polarity select. 


In SPI modes' 
1 = Transmit happens on falling edge, receive on rising 


edge. 
Idle state for clock is a High level. 


0= 
Transmit happens on rising edge, receive on falling 
edge. 
Idle state for clock is a low 
level. 


In.l~ 
SCK release control 
1 = Enable clock 
0= 
Holds clock low (clock stretch) 
Note: Used to ensure data setup time 


L- 
SSPEN: 
Sync serial port enable 


In SPI modes' 


1 = Enables serial port and configures SCK, SDO and 


SOl as serial port pins. 


o = Disables serial port and configures these pins as 


1/0 port pins. 


In.l~ 
1 = Enables the serial port and configures 
SDA and 


SCl 
pins as serial port pins. 


0= Disables serial port and configures these pins as 


1/0 port pins. 


In both 
modes, 
when 
enabled, 
these 
pins must be 


properly configured 
as input or output. 


SSPOV: 
Receive overflow flag. 


In SPI modes' 


1 = A new byte is received while SSPBUF register is 


still holding the previous data. In case of overflow, 
the data in SSPSR is lost. Overflow can only occur 
in slave mode. The user must read the SSPBUF, 
even if only transmitting 
data, to avoid setting 


overflow. 
In master mode overflow bit is not set 


since each new reception 
(and transmission) 
is 
initiated by writing to SSPBUF. 


In.l~ 
1 = A byte 
is received 
while 
the 
SSPBUF 
is still 


holding the previous byte. 
SSPOV is a don't care in transmit mode. 


SSPOV must be cleared in software in either mode. 


'-------------------------- 
WCOl: 
Write collision detect. 


1 = the 
SSPBUF 
register 
is written 
while 
it is still 


transmitting 
the previous word. 


Must be cleared in software. 


o = No collision 
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The SPI mode allows a-bits of data to be synchronously 
transmitted and received simultaneously. 
To accom- 
plish communication, typically three pins are used: 


• 
Serial Data Out (SOO) 
• 
Serial Data In (SOl) 
• 
Serial Clock (SCK) 


Additionally a fourth pin may be used when in a slave 
mode of operation: 


When initializing the SPI, several options need to be 
specified. This is done by appropriately programming 
the control bit inthe SSPCON register (SSPCON<5:0». 
These control bits allow the following to be specified: 


• 
Master Mode (SCK is the clock output) 
• 
Slave Mode (SCK is the clock input) 
• 
Clock Polarity (OutpuVlnput 
data on the Rising! 
Falling edge of SCK) 
• 
Clock Rate(Master mode only) 
• 
Slave Select Mode (Slave mode only) 


The SSP consists of a transmiVreceive Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, while the 
SSPBUF holds the data that was written to the SSPSR, 
until the received data is ready. Once the a-bits of data 
have been received, that information is moved to the 
SSPBUF 
register, 
the 
Buffer 
Full 
(BF) 
bit 
(SSPSTAT <0» and the SSPIF bit are set. This double 
buffering of the received data (SSPBUF) allows the next 
byte to start reception before reading the data that was 
received. Any write to the SSPBUF 
register during 
transmission/reception 
of data will be ignored, and the 
write collision detect (WCOl) 
bit (SSPCON<7» 
will be 
set. User software must clear the WCOl bit so that it can 
be determined if the following write(s) to the SSPBUF 
completed successfully. When the application software 
is expecting to receive valid data, the SPPBUF should 
be read before the next byte of data to transfer is written 
to the SSPBUF. The Buffer Full (BF) bit (SSPSTAT <0» 
indicates when the SSPBUF has been loaded with the 
received data (transmission 
is complete). 
When the 
SSPBUF is read, the BF bit is cleared. This data may be 
irrelevant if the SPI is only a transmitter. 
Generally the 
SSP Interrupt is used to determine when the transmis- 
sion/reception has completed. The SSPBUF can then 
be read (if data is meaningful) 
and/or the SSPBUF 
(SSPSR) can be written. 
If the interrupt method is not 
going to be used, then software polling can be done to 
ensure that a write collision does not occur. Example 11-1 
shows the loading of the SSPBUF (SSPSR) for data 
transmission. The instructions with the comment fields 
beginning with ;' •• are only required if the received data 
is meaningful. 


EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 


LOOP 
BSF 
STATUS. 
RPO 
;Specify 
Bank 
1 
BTFSS 
SSPSTAT, 
BF 
;Has 
data 
been 
;received 
; (transmit 
complete)? 
GOTO 
LOOP 
;No 
BCF 
STATUS. 
RPO 
;Specify 
Bank 
0 


MOVF 
SSPBUF. 
W 
iW 
reg = contents 
; 
of SSPBUF 
MOVWF 
RX!lFl.TA 
;*** Save in user • 


RAM 
MOVF 
TXDATA, 
W 
;W reg 
~ contents 
of 
; 
TXDATA 
MOVWF 
SSPBUF 
;New 
data 
to xmit. 


The block diagram of the SSP module, when in SPI 
mode (Figure 
11-3), shows that the SSPSR 
is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPST AT) indicates the various 
status conditions. 


FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPI MODE) 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. This configures the SOl, SOO, SCK, and 
SS pins as serial port pins. For the pins to behave as the 
serial port function, they must have their data direction 
bits (in the TRISC register) appropriately 
programmed. 


That is: 


o 
SOl must have TRISC<4> set 


o 
SOO must have TRISC<5> cleared 


o 
SCK (Master mode) must have TRISC<3> cleared 


o 
SCK (Slave mode) must have TRISC<3> set 


o 
SS must have TRISA<5> set 


Any serial port function 
that is not desired may be 
overridden 
by programming 
the corresponding 
data 
direction (TRIS) register to the opposite value. An ex- 
ample would be in master mode where you are <m!Y 
sending data (to a display driver), then both SOl and SS 
could be used as general purpose inputs by clearing 
their corresponding TRIS register bits. 


Figure 11-4 shows a typical connection between two 
microcontrollers. 
The master controller (Processor 1) 
initiates the data transfer by sending the SCK signal. 
Data is shifted out of both shift registers on their pro- 
grammed clock edge, and latched on the opposite edge 
of the clock. Both processors should be programmed to 
same Clock Polarity (CKP), then both controllers would 
send and receive data at the same time. Whether the 
data is meaning1ul (or dummy data) depends on the 
application software. This leads to three scenarios for 
data transmission: 


o 
Master sends data - 
Slave sends dummy data 


o 
Master sends data - 
Slave sends data 


o 
Master sends dummy data - 
Slave sends data 


SPI Master SSPM<3:0> = OOxxb 


SDO 


LSb 


SCLK, 


PROCESSOR 1 
: 
________________________ 
1 


The master can initiate the data transfer at any time 
because it controls the SCK. How the master knows 
when the slave (Processor 2) wishes to broadcast data 
is determined by the software protocol. 


In master mode the data is transmitted/received 
as 
soon as the SSPBUF is written to. lithe SPI is only going 
to receive, the SCK output could be disabled 
(pro- 
grammed as an input). The SSPSR register will con- 
tinue to shift in the signal present on the SOl pin at the 
programmed clock rate. As each byte is received, it will 
be loaded into the SSPBUF as if a normal received byte 
(interrupts and status bits appropriately set). This could 
be useful in receiver applications 
as a "line activity 


monitor" mode. 


In slave mode, the data is transmitted and received as 
the extemal clock pulses appear on SCK. When the last 
bit is latched the interruptflag 
(SSPIF) is set (PIR1 <3». 


The clock polarity is selected by appropriately program- 
ming the CKP bit (SSPCON<4». 
This then would give 
waveforms 
for SPI communication 
as shown 
in 
Figures 
11-5 and 11-6. In master mode, the SPI clock 


rate (bit rate) is user programmable to be one of the 
following: 


o 
OSC I 4 (or Tcy) 


o 
OSC/16(or4oTcy) 


o 
OSC 164 (or 160 Tcy) 


o 
Timer2 output I 2 


This allows a maximum bit clock frequency (at 20 MHz) 
of 5 MHz. When in slave mode the extemal clock must 
meet the minimum high and low times as specified in 
timing parameters 71 and 72. 


SPI Slave SSPM<3:0> = 010xb 


SOl 


Serial 
Clock 


MSb 
~ , SCLK 
, 


: 
PROCESSOR 2 
~------------------ 
I 
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The SS pin allows a synchronous slave mode. The SPI 
must be in slave mode (SSPCON<3:0> = 04h) and the 
TRISA<S> bit must be set the forthe synchronous slave 
mode to be enabled. When the SS pin is low, transmis- 
sion and receptiolLare 
enabled and the SOO pin is 
driven. When the SS pin goes high, the SOO pin is no 
longer driven, even if in the middle of a transmitted byte, 
and becomes a floating output. External pull-up / pull- 
down resisters may be desirable, depending on the 
application. 


To emulate two-wire communication, the SOO pin can 
be connected to the SOl pin. When the SPI needs to 
operate as a receiver the SOO pin can be configured as 
an input. This disables transmissions from the SOO. The 
SOl can always be left as an input (SOl function) since 
it cannot create a bus conflict. 


___________ 
~r--- 


~K 
~ 
~,;~------ 
~ -~----- 
-1 
. 


(CKP.O) 


Address 
Name 
Blt7 
Bit6 
Bit 5 
BIt4 
Bit 3 
Bit 2 
Bit 1 
Bit D 


DBiBB 
INTCON 
GIE 
PEIE 
TOlE 
INTlE 
RBIE 
TOIF 
INTF 
RBlF 


DC 
PIR1 
~$Plft 
- 
- 
- 
SSPIF 
CCPlIF 
''''1'MR2lF 
TMfltlF 


BC 
PIE1 
PSPfE 
- 
- 
- 
SSPIE 
CCPHE 
TMR21E 
TMRtlE 


13 
SSPBUF 
Synchronous 
Serial Port Receive BufferfTransmit 
Register 


14 
SSPCON 
WCOl 
SSPOV 
SSPEN 
CKP 
I SSPM3 
SSPM2 
SSPM1 I 
SSPMO 


94 
SSPSTAT 
- 
- 
DiP. 
P 
s 
T 
RJW 
UA 
1 
BF 
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This section gives an overview of the Inter-IC WC) bus, 
with Section 11.3 discussing the operation of the SSP 
module in FC mode. The Inter-IC WC) bus is a two-wire 
serial interface developed by PhillipsiSignetics™. The 
original specification, or standard mode, was for data 
transfers of up to 1oo-Kbps. An enhanced specification, 
or fast mode, supports data transmission 
up to 400 
Kbps. Both standard mode and fast mode devices will 
inter-operate if attached to the same bus. 


The I'C interface employs a comprehensive protocol to 
ensure reliable transmission 
and reception of data. 


When transmitting 
data, one device is the "master" 
(generates the clock), while the other device(s) acts as 
the "slave". All Portions of the slave protocol are imple- 
mented in the SSP module's hardware, while portions 
of the master protocol will need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 
FC-bus terminology. 
For additional information on the 


12C interface specification, 
please refer to the Philipsl 
Signetics™ document" 
The 12C-bus and how to use it". 


The order number for this document is 98-8080-575. 


In the FC interface protocol each device has an address. 
When a master wishes to initiate a data transfer, it first 
transmits the address of the device that it wishes to "talk" 
to. All devices "listen" to see if this istheir address. Within 
this address, a bit specifies if the master wishes to read 
/ write from / to the slave device. The master and slave 
are always in opposite modes (transmitter/receiver) 
of 
operation during a data transfer. That is they can be 
thought of operating in either of these two relations: 


• 
Master-transmitter and Slave-receiver 
• 
Slave-transmitter and Master-receiver 


In both cases the master generates the clock signal. 


The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain or open-eollector in order 
to perform the wired-AND function of the bus. External 
pUll-Upresistors are used to ensure a high level, when no 
device is pulling the line down .. The number of devices 
that may be attached to the 12C bus is limited only by the 
maximum bus loading specification of 400 pF. 


11.2.1 
INITIATING AND TERMINATING DATA 
TRANSFER 


During times of no data transfer (idle time), both the clock 
line (SCL) and the data line (SDA) are pulled high 
through the external pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 
to low transition of the SDA when the SCL is high. The 
STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans- 
fer. Due to the definition 
of the START and STOP 
conditions, when data is being transmitted the SDA line 
can only change state when the SCL line is low. 


FIGURE 11·7: 
START AND STOP 
CONDITIONS 


.----. 
.----1 
• 
I 
t 
I 
I 
I 
--T\: 
;r-----i\ 
:/i-- 


SOA ! 
'1 
I 
I 
--- 
I 
I 
: 
! 
l 
I 
I 
I 
I 
1 
I 
I 
~ 
l 
;r-----~! 
~n------+--. 
..!~!\L-Jt 
'L-Y!~! 
SClIS!:: 
:: 
!P! 
•• 
J 
I 
I 
I 
I 
•. 
J 
I 
I 
1 
I 


Start 
Change 
Change 
Stop 
Condrtion 
ofData 
ofData 
Condition 
Allowed 
Allowed 


Term 
DescriDtion 


Transmitter 
The device that sends the data to the bus 


Receiver 
The device that receives the data from the bus 


Master 
The device which initiates the transfer, generates the clock, and terminates the transfer 


Slave 
The device addressed by a master 


Multi-master 
More than one master device in a system. These masters can attempt to control the bus at the same 
time without corrupting the message 


Arbitration 
Procedure that ensures that only one of the master devices will control the bus. This ensures that 
the transfer data does not get corrupted. 


Synchronization 
Procedure where the clock signals of two or more devices are synchronized. 
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There are two address formats. The simplest is the 7-bit 
address format with a pJIN bit (see Figure 11-8). The 
more complex is the 1O-bit address with a pJIN bit (see 
Figure 11-9). For 1O-bitaddress format, two bytes must 
be transmitted with the first five bits specifying this to be 
a 10-bit address. 


MSB 
LSB 
~::::::~ 
L 
slave address --.l 
Sentby 


Start Condition 
Slave 
ReadIWrite pulse 
Acknowledge 
s 
R!W 
- 
ACK - 


S 
- Start COndition 
RJW - ReadIWrite Pulse 
ACK - Acknowledge 


"'--1 


SDAt\lL::=x=x ~~ 


: 
I 
MSB 
acknowledgement 
I 
: 
signal from receiver 
I 
I 
I 
I 
I 
I 
I 
I 


SC~ L__I I 
n 
Start 


Condition 
Address 


All data must be transmitted per byte, with no limillo the 
number of bytes transmitted 
per data transfer. After 


each byt~e 
slave-receiver 
generates an acknowl- 


edge bit (ACK ). This is shown in Figure 11-10. When a 
slave-receiver doesn't acknowledge the slave address 
or received data, the mastermustabortthe 
transfer. The 


slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7). 


FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 


Data 
"-I 
Output by -t--.: 
r---v---v 
..~ 


Transmitter 
I ~ 
.. 


I 
I 
not acknowtedge 


Data I 
I 
¢::7 
Output by: 
: 
Receiver 
I 
I 
I 
I 
acknowledge 


SCl from -t---} 
r-\ 
r-\ 
r::-'\ 
r::-'\ 


Master 
1 
: "-J 
1 '-J 2 L ..-J 
8 
\....J 
9 
'-- 


I 
I 
1 
I S I 
l_~ 
Start 
Clockpulsefor 


Condition 
acknowledgement 


If the master is receiving the data (master-receiver), 
it 


generates an acknowledge 
signal for each received 


byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, 
the master does not 


generate an acknowledge (not acknowledge). The slave 
then releases the SDA line so the master can generate 
the STOP condition. The master can also generate the 
STOP condition during the acknowledge pulse for valid 
termination of data transfer. 


If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move the 
received data or fetch the data it needs to transfer before 
allowing the clock to start. This wait state technique can 
also be implemented at the bit level. 
Figure 11-11 


shows a data transfer waveform. 


"'--1 
==~ 
byte complete. 
aCknowledgement: 
I 


interrupt with receiver 
signal from receiver 
I 
: 


I 
I 


clock line held low while 
: 
I 


interrupts are serviced 
': 


11 
2 
3-:8~ 
II 
I L-.J 
-SIOpl 


Wait 
Data 
ACK 
Condition 


State 
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Figures 11-12 and 11-13 show Master-transmitter 
and 
Master-receiver data transfer sequences. 


When a master does not wish to relinquish the bus (by 
generating a STOP condition), a repeated START con- 
dition (Sr) must be generated. This condition is identical 
to the start condition (SDA goes high-to-Iow while SCL 


data transferred 
(n bytes - acknowledge) 


A master transmitter 
addresses a slave receiver with a 
7-bit address. 
The transfer direction is not changed. 


~ = acknowledge 
(SDA low) 


• 
From 
master to slave 
A = not acknowledge 
(SDA high) 
S = START condition 
D From 
slave to master 
P = STOP condition 


• 
From 
master to slave 
D From slave to master 


~ = acknowledge 
(SDA low) 
A = not acknowledge 
(SDA high) 
S = START condition 
P = STOP condition 


is high), but occurs after a data transfer acknowledge 
pulse (not the bus-free state). This allows a master to 
send "commands" to the slave and then receive the 
requested information or to address a different slave 
device. This sequence is shown in Figure 11-14. 


Direction of transfer 
START condition 
may change at this point 


Transfer direction of data and acknowledgement 
bits depends on RiW bits. 


Combined format - A master addresses 
a slave with a 10-bit address, then transmits 
data 
to this slave and reads data from this slave. 


~ = acknowledge 
(SDA low) 
II From 
master to slave 
A = not acknowledge 
(SDA high) 
S = START condition 
D From 
slave to master 
P = STOP condition 
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The I"C 
protocol allows a system to have more than one 


master. This is called multi-master. When two or more 
masters try to transfer data at the same time, arbitration 
and synchronization occur. 


Arbitration takes place on the SDA line, while the SCL 
line is high. The master which transmits a high when the 
other master transmits 
a low loses arbitration 
(see 


Figure 11-15), and turns off its data output stage. A 
master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing 
the same 


device, arbitration continues into the data. 


FIGURE 11-15: 
MULTI-MASTER 
ARBITRATION (2 MASTERS) 


transmitter 
1 loses arbrtration 
:L 
DATA 
1 SDA 


I -------------. 


SDA 
I 
I 
I 
I 
I 
I 
I 


Sel 
1=]1 oJ 0 n 0 
0 
C 
I 
, 
, 
I 
!..._..J 
, 
I 


Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
slave-receiver mode. This is because the winning mas- 
ter-transmitter may be addressing it. 


Arbitration is not allowed between: 


• 
A repeated START condition 


• 
A STOP condition and a data bit 


• 
A repeated START condition and 
a STOP condition 


Care needs to be taken to ensure that these conditions 
do not occur. 


Clock synchronization 
occurs after the devices have 


started arbitration. This is perfonned using a wired-AND 
connection to the SCL line. A high to low transition on the 
SCL line causes the concerned devices to start counting 
off their low period. Once a device clock has gone low, 
it will hold the SCL line low until its SCL high state is 
reached. The low to high transition of this clock may not 
change the state of the SCL line, if another device clock 
is still within its low period. The SCL line is held low by 
the device with the longest low period. Devices with 
shorter low periods enter a high wait-state, until the SCL 
line comes high. When the SCL line comes high, all 
devices start counting off their high periods. The first 
device to complete its high period will pull the SCL line 
low. The SCL line high time is detennined by the device 
with 
the 
shortest 
high 
period. 
This 
is shown 
in 


Figure 11-16. 


wait 
start counting 
state 
HIGH period 
r -r-------- 
'- __ 
I 
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11.3 
SSP 12C Operation 


The SSP module in 12C mode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications 
as well as 7-bit and 10-bit addressing. 


Two pins are used for data transfer. These are the 
RC3ISCKlSCl 
pin, which is the clock (SCl), 
and the 


RC4/SDI/SDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> 
bits. A block diagram of the SSP 


module in 12Cmode is shown in Figure 11-17. The SSP 
module functions are enabled by setting the SSP Enable 
(SSPEN) bit (SSPCON<5». 


FIGURE 
11·17: 
SSP BLOCK 
DIAGRAM 
WC MODE) 


The SSP module has five registers for FC operation. 
These are the: 


• 
SSP Control Register (SSPCON) 
• 
SSP Status Register (SSPSTAT) 
• 
Serial Receive I Transmit Buffer (SSPBUF) 


• 
SSP Shift Register (SSPSR) - Not directly 
accessible 


• 
Address Register 
(SSPADD) 


The SSPCON register allows control of the FC opera- 
tion. Four mode selection bits (SSPCON<3:0» 
allows 


one of the following FC modes to be selected: 


• 
12C Slave mode (7-bit address) 
• 
12CSlave mode (10-bit address) 


• 
FC Slave mode (7-bit address), with 
master-mode support 
• 
FC Slave mode (10-bit address), with 
master-mode support 
• 
FC Master mode, slave is idle 


Selection of any 12Cmode and with the SSPEN bit set, 
forces the SCl 
and SDA pins to be open collector, 


provided these pins are set to inputs through the TRISC 
bits. 


The SSPSTAT register gives the status of the data 
transfer. This information includes detection of a START 
or STOP bit, specifies if the received byte was data or 
address, 
if the next byte is the completion 
of 10-bit 


address, and if this will be a read or write data transfer. 
The SSPSTAT register is read only. 


The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered re- 
ceiver. This allows reception of the next byte before 
reading the last byte of received data. When the com- 
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is re- 
ceived before the SSPBUF is read, a receiver overflow 
has occurred and the SSPOV bit (SSPCON<6> is set. 


The SSPADD register holds the slave address. In 10-bit 
mode, the user needs to write the high byte of the 
address (1 1 1 1 
0 A9 A8 0). Following the high byte 


address match, the low byte of the address needs to be 
loaded (A7 - AO). 
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In slave mode, the SCL and SDA pins must be config- 
ured as inputs (TRISC<4:3> set). The SSP module will 
override the input state with the output data when 
required (slave-transmitter). 


When an address is matched or the data transfer from 
an address match is received, the hardware automati- 
cally will generate the acknowledge (ACK) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 


There are certain conditions that will cause the SSP 
module notlogivethisACK 
pulse. Theseareifeither(or 


both): 


• The Buffer Full (BF) bit was set before the transfer 


was received. 


• The Overflow (SSPOV) bit was set before the transfer 


was received. 


In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared 
by reading the SSPBUF 
register while the 


SSPOV bit is cleared through software. 


The SCL clock input must have a minimum high and low 
for proper operation. The high and low times of the FC 
specification 
as well as the requirement of the SSP 


module is shown in timing specifications #90 and 91. 


11.3.1.1 ADDRESSING 


Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the 8-bits are shifted into the SSPSR. 
All incoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1> is compared to the 
SSPADD register. The address is compared 
on the 


falling edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SSPOV bits are clear, 
the following things happen: 


• 
SSPSR loaded into SSPBUF 
• 
Buffer Full (BF) bit is set 


• 
ACK pulse is generated 
SSP Interrupt Flag (SSPIF) is set (interrupt is gener- 
ated if enabled) - on falling edge of ninth SCL pulse 


In 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the fi!§.taddress byte specify 
ifthis is a 1O-bitaddress. The R/'N bit (bit 0) must specify 
a write, so the slave device will receive the second 
address byte. For a 10-bit address the first byte would 
equal '1 11 1 
0 A9 A8 0', where A9 and A8 are the two 


MSbs of the address. The sequence of events for 10-bit 
address are as follows, with steps 7- 9 for slave-transmit- 
ter: 


1. Receive first (high) byte of Address (SSPIF, BF and 


UA are set) 
2. Update SSPADD with second (low) byte of Address 


(clears UA and releases SCL line) 
3. 
Read SSPBUF (clears BF) and clear SSPIF 
4. 
Receive second (low) byte of Address (SSPIF, BF 
and UA are set) 
5. Update SSPADD with first (high) byte of Address 


(clears UA, if match releases SCL line) 


6. 
Read SSPBUF (clears BF) and clear SSPIF 
7. 
Receive Repeated START condition 
8. Receive first (high) byte of Address (SSPIF and BF 


are set) 
9. Read SSPBUF (clears BF) and clear SSPIF 


Status Bits as Data 
-- 
Set SSPIF bit 
Transfer is Received 
Generate ACK 
(SSP Interrupt if 
BF 
SSPOV 
SSPSR--+SPBUF 
Pulse 
Enabled) 


0 
0 
Yes 
Yes 
Yes 


1 
0 
No 
No 
Yes 


1 
1 
No 
No 
Yes 
0 
1 
No 
No 
Yes 
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11.3.1.2 RECEPTION 


When the R/W bit of the addr~s 
byte is clear and an 
address match occurs, the R/W bit of the SSPSTAT 
register is cleared. The received address is loaded into 
the SSPBUF. 


When the address byte overflow condition exists then no 
acknowledge (ACK ) pulse is given. An overflow condi- 
tion is defined as either the BF bit (SSPST AT<0» is set 
or the SSPOV bit (SSPCON<6» 
is set. 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. 


Bus Mast ••. 
tenninates_•.. 


SSPOVlsset J 


because SSPBUF Is 


still full. 
ACK 
~ not sent. 
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11.3.1.3 TRANSMISSION 


When the RtN 
bit of the add~ss 
byte is set and an 
address match occurs, the RtN bit of the SSPST AT 
register is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled by 
setting the CKP bit (SSPCON<4». 
The eight data bits 
are shifted out on the falling edge of the SCL input. This 
ensures that the SDA signal is valid during the SCL high 
time (see Figure 11-19). 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. The SSPIF bit is set on the falling edge of the ninth 
clock pulse. 


As a slave-transmitter, the ACK pulse from the master- 
receiver is latched on the rising edge of the ninth SCL 
input pulse. If the SDA line was high (not ACK ), then the 
data transfer is complete. The slave then monitors for 
another occurrence of the START bit. Ifthe SDA line was 
low (ACK ), the transmit data must be loaded into the 
SSPBUF register, which also loads the SSPSR register. 
Then the SCL pin should be enabled by setting the CKP 
bit (SSPCON<4». 


1P11'®~~mhl)~I1'~ 


2-455 


• 


PIC16C74 


Master mode of operation 
is supported 
by interrupt 
generation on the detection of the START and STOP 
conditions. The STOP (P)and START (S) bits are cleared 
from a reset or when the SSP module is disabled. 
Control of the 12Cbus may be taken when the P bit is set, 
or the bus is idle and both the Sand P bits are cleared 


In master mode the SCL and SDA lines are manipulated 
by changing the corresponding TRISC<4:3> 
bit(s) to an 
output (cleared). The output level is always low, irre- 
spective of the value(s) 
in PORTB<4:3>. 
So when 
transmitting data, a "1" data bit must have the TRISC<4> 
bit set (input) and a "0" data bit must have the TRISC<4> 
bit cleared (output). The same scenario is true for the 
SCL line with the TRISC<3> bit. 


The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 


• 
START condition 
• 
STOP condition 
Data transfer byte transmitted/received 


Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 
enabled, the software needs to differentiate the source(s) 
of the interrupt. 


In multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P)and 
START (S) bits are cleared from a reset orwhen the SSP 
module is disabled. Control of the 12Cbus may be taken 
when the P bit is set, or the bus is idle and both the Sand 
P bits are cleared. When the bus is busy, enabling the 
SSP Interrupt will generate the interrupt when the stop 
condition occurs. 


In multi-master operation, the SDA line must be moni- 
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and SCL 
lines (setTRISC<4:3». 
There are two stages where this 


arbitration can be lost, these are: 


• 
Address Transfer 
Data Transfer 


When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans- 
fer stage, the device may be being addressed. If ad- 
dressed an ACK pulse will be generated. If arbitration 
was lost during the data transfer stage, the device will 
need to re-transfer the data at a later time. 


Address 
Name 
Bit7 
Bit6 
BitS 
Bit4 
Bit 3 
Bit 2 
Bit 1 
Bit 0 


0B/8B 
INTCON 
GIE 
PEIE 


DC 
PIRl 
PSf'tF 


8C 
PIEl 
PSPIE 


13 
SSPBUF 


93 
SSPADD 


14 
SSPCON 
SSPMO 


94 
SSPSTAT 
BF 


legend 
- 
= Unimplemented 
locations, Read as '0' 
Note: 
Shaded boxes are not used by the SSP module in 12Cmode. 
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IDLE_MODE 
(7-bit): 
if (Addr_match) 
{ 
Set interrupt; 
n (Rfii 
= 1) 
{Send N:;K = 0; 
set XMIT _MODE; 


} 
else if (Rfii 
= O}set RCV_MODE; 


ReV_MODE: 
if llSSPBUF=Full) 
OR (SSPOV = 1J) 
{SetSSPOV; 
Do not acknowledge; 
} 
else 
{ transfer SSPSR -+ SSPBUF; 
send N:;K 
= 0; 
} 
Receive B-bits in SSPSR; 
Set interrupt; 


XMIT_MODE: 
While llSSPBUF 
= Empty) AND (CKP=OJ) Hold SCl 
low; 
Send byte; 
Set interrupt; 
if (N:;K 
Received = 1} 
{End of transmission; 
Go back to IDLE_MODE; 
} 
Go back to XMIT _MODE; 


IDLE_MODE 
(lQ-Bit): 
If (High_byte_addr_match 
AND (Rfii 
= OJ) 
{ PRIOR_ADDR_MATCH 
= FALSE; 
Set interrupt; 
if llSSPBUF 
= Full} OR llSSPOV 
= 1J) 
( SetSSPOV; 
Do not acknowledge; 


} 
else 
{Set 
UA = 1; 


Send N:;K 
= 0; 
While (SSP ADD not updated} Hold SCl 
low; 
ClearUA=O; 
Receive low_addr_byte; 
Set interrupt; 
SetUA=l; 
If (low_byte_addr_match} 
{ PRIOR_ADDR_MATCH 
= TRUE; 
Send N:;K 
= 0; 


while (SSPADD not updated) Hold SCl 
low; 
ClearUA=O; 
Set RCV_MODE; 
} 


} 
else if (High_byte_addr_match 
AND (Rfii 
= 1) 
{ n (PRIOR_ADDR_MATCH) 
( send N:;K 
= 0; 
set XMIT_MODE; 


} 
else PRIOR_ADDR_MATCH 
= FALSE; 


} 
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12.0 
SERIAL COMMUNICATION 
INTERFACE 
(SCI) MODULE 


The Serial Communication Interface (SCI) module is one 
of the two serial 1/0 modules. The SCI can be configured 
as a full duplex asynchronous system that can commu- 
nicate with peripheral devices such as CRT tenninals 
and personal computers, or it can be configured as a half 
duplex synchronous system that can communicate with 
peripheral devices such as AID or D/A integrated cir- 
cuits, Serial EEPROMs etc. The SCI can be configured 
in the following modes: 


• 
Asynchronous (full duplex) 


• 
Synchronous - Master (half duplex) 


• 
Synchronous - Slave (half duplex) 


The SPEN (RCSTA<7» 
bit has to be set in order to 
configure RCG and RC7 as the Serial Communication 
Interface. 


R 
= Read only bit 
RIW = Readable and writable b~ 
U = Unused. 
reads as 0 


TXD8: 9th bit of transmit data. can be the 
calculated parity 


TRUT: 
Transmit shift 
register (TSR) empty 
1 =TSR 
empty 
O=TSR 
fuN 


BRGH: High beud rate select bit 
Asynchrongus 
mode' 


1 = 
0= 
SYndlroooys 
mode' 


Unused 


SYNC: SCI mode 
(Synchronous/Asynchronous) 
1 = Synchronous 
mode 
o = Asynchronous 
mode 


TXEN: Transm~ Enable bit 
1 = Transmit 
enabled 
0= Transmit disabled 
SRENICREN 
overrides TXEN in SYNC mode 


TX8l9: 
Transm~ Data Length bit 
1 = Selects 9-bit transmission 
o = Selects 
8-bit transmission 


CSRC: Clock Source Select bit 
Synchronous 
made' 
1 = Master Mode (Clock generated 
intemally 
from BRG) 
0= Slave mode (Clock from extemal source) 
Asynchronous 
mode' 


0001 care. 
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R 
= Read only bit 
RIW = Readable and writable bit 
U = Unused, reads as 0 


OERR: Overrun Error bit. 
1 = Overrun. 
Reset by dearing 
CREN 
o = No overrun 
error 


FERR: Framing Error bit. 
1 = Framing error 
o = No framing error 


CREN: Continuous 
Receive Enable bit 


AsYOChronoys 
mode' 
1 = Enabtes reception 
o = OIsabies reception 
Synchronous 
mode' 


1 = Enables continuous 
reception until CAEN is 
cleared CREN overrides SREN. 


0= Disables continuous 
reception? 


SREN: Single Receive Enable bit. 
Synchronous 
mode" 
1 = Enable reception. 
o = OIsables reception? 
Note: This bit is ignored in synchronous 
slave 
reception. 
SREN Is deared after reception is complete. 
Asynchronous 
mode' 
Don't care 


RC819: Receive Data Length bit 
1 = selects 9-bit reception. 
o = selects 8-bit reception. 


SPEN: serial Port Enable bit 
1 = Configures 
RA4IRXlDT 
and RA5fTXlCK 
pins as 
serial port pins. 


o = serial port disabled. 


12.1 SCI BAUD RATE GENERATOR (BRG) 


The BRG 
supports both the Asynchronous and Syn- 
chronous modes of the SCI. It is a dedicated a-bit baud 
rate generator. The SPBRG register controls the period 
of a free running a-bit timer. In asynchronous mode the 
BRGH (TXSTA<2» 
also controls the baud rate. In 
synchronous mode BRGH is ignored. Table 12-1 shows 
the formula for computation of the baud rate for different 
SCI modes. 


Given the desired baud rate, and Fosc. the nearest 
integer value between 0 and 255 can be calculated using 
the formula below. The error in baud rate can then be 
determined. 


SYNC 
BRGH=O 
BRGH-1 


0 
Baud Rate=Foscl64(X+1) 
Baud Rate=Foscl16(X+1) 


1 
Baud Rate = Foscl4(X+1) 
NA 
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Example 12-1 shows the calcualtion of the baud rate 
error for the following conditions: 


Fosc = 16 MHz 
Desired Baud Rate = 9600 
BRGH =0 
SYNC=O 


It may be advantageous 
to use the high baud rate 
(BRGH = 1) even for slower baud clocks. 
This is 


because the FOSC/4(x + 1) equation can reduce the 
baud rate error in some cases. 


Writing a new value to the SPREG, causes the BRG 
timer to be reset (or cleared), this guarantees that the 
BRG does not wait for a timer overflow before outputting 
the new baud rate. 


EXAMPLE 12-1: CALCULATING BAUD RATE 
ERROR 


Fose / (64 (X + 1» 


1600000O / 64 (X + 1) 


25.042=25 


1600000O / (64 (25 + 1» 


9615 


9600 


X 


(New Baud Rate - Desired 
Baud Rate) 
Desired 
Baud Rate 


= (9615 - 9600) / 9600 


= 0.16% 


0x98 


0x99 


TXSTA 


SPBRG 


BAUD 
lose =2OMHZ 
SPBRG 
16MHZ 
SPBRG 
10MHZ 
SPBRG 
7.15909MHZ 
SPBRG 


RATE 
value 
value 
value 
value 


(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
NA 
NA 
NA 
- 
NA 
1.2 
NA 
NA 
NA 
- 
NA 
2.4 
NA 
NA 
NA 
NA 
9.6 
NA 
NA 
9.766 
+1.73 
255 
9.622 
+0.23 
185 


19.2 
19.53 
+1.73 
255 
19.23 
+0.16 
207 
19.23 
+0.16 
129 
19.24 
+0.23 
92 


76.8 
76.92 
+0.16 
64 
76.92 
+0.16 
51 
75.76 
-1.36 
32 
77.82 
+1.32 
22 


96 
96.15 
+0.16 
51 
95.24 
-{).79 
41 
96.15 
+0.16 
25 
94.20 
-1.88 
18 


300 
294.1 
-1.96 
16 
307.69 
+2.56 
12 
312.5 
+4.17 
7 
298.3 
-{).57 
5 


500 
500 
0 
9 
500 
0 
7 
500 
0 
4 
NA 
- 


HIGH 
5000 
- 
0 
4000 
0 
2500 
- 
0 
1789.8 
- 
0 


LOW 
19.53 
- 
255 
15.625 
255 
9.766 
- 
255 
6.991 
- 
255 


BAUD 
lose = 5.0688MHZ 
SPBRG 
3.579545MHZ 
SPBRG 
lMHZ 
SPBRG 
32.768KHZ 
SPBRG 


RATE 
value 
value 
value 
value 


(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
NA 
NA 
NA 
0.303 
+1.14 
26 


1.2 
NA 
- 
NA 
1.202 
+0.16 
207 
1.170 
-2.48 
6 


2.4 
NA 
- 
NA 
2.404 
+0.16 
103 
NA 
9.6 
9.6 
0 
131 
9.622 
+0.23 
92 
9.615 
+0.16 
25 
NA 
- 


19.2 
19.2 
0 
65 
19.04 
-{).83 
46 
19.24 
+0.16 
12 
NA 
76.8 
79.2 
+3.13 
15 
74.57 
-2.90 
11 
83.34 
+8.51 
2 
NA 
96 
97.48 
+1.54 
12 
99.43 
+3.57 
8 
NA 
NA 
- 


300 
316.8 
+5.60 
3 
298.3 
-{).57 
2 
NA 
NA 
- 


500 
NA 
- 
NA 
NA 
- 
NA 
HIGH 
1267 
0 
894.9 
0 
250 
0 
8.192 
- 
0 


LOW 
4.950 
255 
3.496 
255 
0.9766 
255 
0.032 
255 
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BAUD 
lose = 20MHZ 
SPBRG 
16MHZ 
SPBRG 
10MHZ 
SPBRG 
7.15909MHZ 
SPBRG 
RATE 
value 
value 
value 
value 
(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal 
KBAUD 
%ERROR 
(decimal 
KBAUD 
%ERROR 
(decimal 


0.3 
NA 
- 
- 
NA 
- 
NA 
NA 
- 
- 
1.2 
1.221 
+1.73 
255 
1.202 
+0.16 
207 
1.202 
+0.16 
129 
1.203 
+0.23 
92 
2.4 
2.404 
+0.16 
129 
2.404 
+0.16 
103 
2.404 
+0.16 
64 
2.380 
-0.83 
46 
9.6 
9.469 
-1.36 
32 
9.615 
+0.16 
25 
9.766 
+1.73 
15 
9.322 
-2.90 
11 
19.2 
19.53 
+1.73 
15 
19.23 
+0.16 
12 
19.53 
+1.73 
7 
18.64 
-2.90 
5 
76.8 
78.13 
+1.73 
3 
83.33 
+8.51 
2 
78.13 
+1.73 
1 
NA 
- 
96 
104.2 
+8.51 
2 
NA 
- 
NA 
- 
NA 
- 
300 
312.5 
+4.17 
0 
NA 
- 
NA 
NA 
500 
NA 
- 
NA 
NA 
NA 
- 
HIGH 
312.5 
- 
0 
250 
0 
156.3 
- 
0 
111.9 
0 
LOW 
1.221 
- 
255 
0.977 
- 
255 
0.6104 
- 
255 
0.437 
255 


BAUD 
lose = 5.0688MHZ 
SPBRG 
3.579545MHZ 
SPBRG 
lMHZ 
SPBRG 
32.768KHZ 
SPBRG 
RATE 
value 
value 
value 
value 
(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUO 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
0.31 
+3.13 
255 
0.301 
+0.23 
185 
0.300 
+0.16 
51 
0.256 
-14.67 
1 
1.2 
1.2 
0 
65 
1.190 
-0.83 
46 
1.202 
+0.16 
12 
NA 
- 
2.4 
2.4 
0 
32 
2.432 
+1.32 
22 
2.232 
-6.99 
6 
NA 
9.6 
9.9 
+3.13 
7 
9.322 
-2.90 
5 
NA 
NA 
19.2 
19.8 
+3.13 
3 
18.64 
-2.90 
2 
NA 
NA 
- 


76.8 
79.2 
+3.13 
0 
NA 
- 
NA 
- 
NA 
96 
NA 
- 
NA 
- 
NA 
- 
NA 
300 
NA 
- 
NA 
NA 
- 
NA 
- 
- 


500 
NA 
- 
NA 
- 
NA 
- 
- 
NA 
HIGH 
79.2 
- 
0 
55.93 
0 
15.63 
0 
0.512 
0 
LOW 
0.3094 
- 
255 
0.2185 
- 
255 
0.0610 
255 
0.0020 
255 


BAUD 
lose =2OMHZ 
SPBRG 
16MHZ 
SPBRG 
10MHZ 
SPBRG 
7.16MHZ 
SPBRG 
RATE 
value 
value 
value 
value 


(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
O/OERROR (decimal) 
KBAUD 
%ERROR 
(decimal) 


9600 
9615.34 
+0.16 
129 
9615.34 
+0.16 
103 
9615.39 
+0.16 
64 
9520.07 
-0.83 
46 
19200 
19230.77 
+0.16 
64 
19230.77 
+0.16 
51 
18939.39 
-1.36 
32 
19454.05 
+1.32 
22 
38400 
37878.79 
-1.36 
32 
38461.54 
+0.16 
25 
39062.5 
+1.7 
15 
37286.93 
-2.90 
11 
57600 
56818.18 
-1.36 
21 
58823.53 
+2.12 
16 
56818.18 
-1.36 
10 
55930.39 
-2.90 
7 


115200 
113636.4 
-1.36 
10 
111111.1 
-3.55 
8 
125000 
+8.51 
4 
111860.8 
-2.90 
3 
250000 
250000 
0 
4 
250000 
0 
3 
NA 
NA 
625000 
625000 
0 
1 
NA 
625000 
0 
0 
NA 
- 
1250000 
1250000 
0 
0 
NA 
NA 
NA 
- 
- 


BAUD 
lose = 5.068MHZ 
SPBRG 
3.579MHZ 
SPBRG 
1MHZ 
SPBRG 
32.768KHZ 
SPBRG 
RATE 
value 
value 
value 
value 
(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
O/OERROR 
(decimal) 
KBAUD 
O/OERROR (decimal) 


9600 
9600 
0 
32 
9727.02 
+1.32 
22 
8928.57 
-6.99 
6 
NA 
- 
19200 
18645.29 
-2.94 
16 
18643.46 
-2.90 
11 
20833.33 
+8.51 
2 
NA 
- 
38400 
39600 
+3.12 
7 
37286.93 
-2.90 
5 
31250 
-18.61 
1 
NA 
57600 
52600 
-6.33 
5 
55930.39 
-2.90 
3 
62500 
+8.51 
0 
NA 
- 
115200 
105600 
-6.33 
2 
111860.8 
-2.90 
1 
NA 
- 
NA 
250000 
NA 
- 
223721.6 
-10.51 
0 
NA 
- 
NA 
- 


625000 
NA 
- 
NA 
- 
NA 
NA 
- 


1250000 
NA 
- 
NA 
- 
NA 
- 
NA 
- 
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The data on the AX pin is sampled three times by a 
majority detect circuit to determine if a 1- or a O-Ievel is 
present at the AX pin. If BAGH is clear (Le., at the low 
baud rates), the sampling is done on the seventh, eighth 
and ninth edge of a 16x clock (see Figure 12-2). If BAGH 


is set (Le., at the high baud rates), the sampling is done 
on the 3 clocks preceding the second rising edge after 
the first 
falling 
edge 
of a 4x clock 
(see 
Figures 
12-4 and 12-5). 


baud clk 
"_-_--_-_-_-_- 
_--_-_-_-_- 
_--_-_-_-_- 
_--_-_-_-_-_- 
-_-_-_-_-_- 
_--.L-- 
B_a_ud_c_lk_f_or_a_lI_b_u_t 
s_ta_rt_b_it 1 


6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


i 
i 
i 


First falling edge after RX pin goes low 


~ 
Second rising edge 


4xclk 


2 
3 
4 
2 
3 
4 
2 


02,04clk 


tii 
tii 
tii 
Samples 
Samples 
Samples 
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12.2 SCI Asynchronous Mode 


In this mode, the SCI used standard nonreturn-to-zero 
(NRZ) format (one start bit, eight or nine data bits and one 
stop bit). The most common data format is 8-bits. An on- 
chip dedicated 8-bit baud rate generator can be used to 
derive standard baud rate frequencies from the oscilla- 
tor. The SCl's transmitter and receiver are functionally 
independent 
but use the same data format and baud 


rate. The baud rate generator produces a clock either 
16x or 64x of the bit shift rate, depending on the BRGH 
(TXST A<2» bit. Parity is not supported by the hardware, 
but can be implemented in software (and stored as the 
ninth data bit). Asynchronous mode is stopped during 
SLEEP. 


The asynchronous 
mode is selected by resetting the 


SYNC bit (TXSTA<4». 


The SCI Asynchronous module consists of the following 
important elements: 


• 
Baud Rate Generator 


• 
Sampling Circuit 


• 
Asynchronous Transmitter 


• 
Asynchronous Receiver 


The 
SCI 
transmitter 
block 
diagram 
is shown 
in 


Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer (TXREG). The 
TXREG is loaded with data in software. The TSR is not 
loaded until the stop bit has been transmitted from the 
previous load. As soon as the stop bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail- 
able). 
Once the TXREG 
transfers 
the data to the 


,, 
, 


~--------------------~ 


TSR(occurs in one Tcy) , the TXREG is empty and a 
interrupt bit, TXIF (PIR1 <4» is set. This interrupt can be 
enabled or disabled by the TXIE bit (PIE1<4». 
TXIF 


will be set regardless of TXIE and cannot be reset in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicated the status of the 
TXREG, another bit TRMT(TXSTA<l 
» shows the sta- 


tusofthe TSR. TRMTisa 
read only bit which is set when 


the TSR is empty. No interrupt logic is tied to this bit, so 
the user has to poll this bit in order to determine if the 
TSR is empty. 


Note: lMTSR;nIlttft~~indat~~rnolYsoit· 


is not available to the user. 


Transmission 
is enabled 
by 
selting 
the 
TXEN 


(TXSTA<S» 
bit. The actual transmission will not occur 


until the TXREG has been loaded with data and the 
baud rate generator (BRG) has produced a shift clock 
(Figure 12-6). The transmission can also be started by 
first loading the TXREG and then setting TXEN. Nor- 
mally when transmission 
is first started, the TSR is 


empty, so a transfer to TXREG will result in an immedi- 
ate transfer to TSR resulting in an empty TXREG. A 
back-to-back transfer is thus possible (Figure 12-8). 
Clearing TXEN during a transmission, 
will cause the 
transmission to be aborted and will resetthe transmitter 
as a result the TX pin will revert to hi-impedance. 


In order 
to select 
9-bit 
transmission, 
the 
TX8/9 


(TXSTA<6» 
bit should be set and the ninth bit should 


be written to the TXD8(TXST A<O». 
The ninth bit must 


be written before writing the 8-bit data to the TXREG. 
This is because a data write to the TXREG can result in 
an immediate transfer of the data to the TSR (if the TSR 
is empty). In such a case, 
an incorrect ninth data bit 


maybe loaded in the TSR. 
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Steps to follow when setting up a Asynchronous Trans- 
mission: 


• 
Initialize the SPBRG register for the appropriate 
baud rate. If a high speed baud rate is desired, 
set BRGH to 1. See Section 12.1 for details. 


• 
Enable the asynchronous serial port by configur- 
ing the bits SYNC = 0 and SPEN = 1. 


• 
Make sure CREN=SREN=O (these bits override 
transmission when set to 1). 


• 
If interrupts are desired, then the TXI E bit should 
beset. 


• 
If 9·bit transmission is desired, then TX8I9 bit 
should be set. 


• 
Enable the transmission by setting TXEN. 


• 
If 9-bit transmission 
is selected, the ninth bit 


should be loaded in TXD8. 


• 
Load data to the TXREG (starts transmission). 


Write to TXAEG 
---- 
~--------------~ 
~-------------- 


BAG output 
(shift clock) 


TX (pin) 
---~~:". 
StartB~ 
~ 
:- 


~1 
>e::)~ 
STOP 
BIT 
; 


WORD 
1 
! 
•.. : 


TBMTbit 
(Transm~buffer --~U------------~SS 
' 


reg. empty flag) 
+ 


WORD 
1 ~ 
Transmk 
Shill 
Reg 
TAMTbit 
(Transm~ 
shift ----- 


reg. empty flag) 
-------------H----~ 


WritetoTXREG 
----- 


BRGoulpul 
(shift clock) 


TX(pin) 


TBMTbit 


Onterrupt reg. 


flag) 


TRMTbit 


(Transmit shift 
reg. 


empty flag) 


~ 
'M)Rll1 __ 


Transmit Shift Reg 
SS\---~t 


'M)Rll2-- 
Transmit 
Shift Reg 


Address 
Name 
Bit 7 
Bit6 
Bit 5 
Bit4 
Bit 3 
Bit2 
Bit 1 
Bit 0 


OxOC 
PIRl 
PSPIF 
AOIF 
RCIF 
TXIF 
SSPIF 
CCP1lF 
TMR2IF 
TMRlIF 


Ox18 
RCSTA 
SPEN 
RC819 
SREN 
CREN 
- 
FEAR 
OERA 
ReDS 


Ox19 
TXREG 
TX7 
TX6 
TX5 
TX4 
TX3 
TX2 
TX1 
TXO 


OxBC 
PIE1 
PSPIE 
AOIE 
RelE 
TXIE 
SSPIE 
CCPlfE 
TMA21E 
TMAliE 


Ox98 
TXSTA 
CSRe 
TX8/9 
TXEN 
SYNC 
- 
BRGH 
TRMT 
TXD8 


Ox99 
SPBRG 
Baud Rate Register 
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12.2.2 SCI ASYNCHRONOUS 
RECEIVER 


The receiver block diagram is shown in Figure 12-9. The 
data comes in the RX pin and drives the data recovery 
block. The data recovery block is actually a high speed 
shifter operating at 16 times the baud rate, whereas the 
main receive serial shifter operates at the bit rate or at 
Fosc. 


Once the asynchronous mode is selected, reception is 
enabled by setting the CREN(RCST A<4> to 1. 


The heart of the receiver is the receive (serial) shift 
register (RSR). After sampling the stop bit, the received 
data in the RSR is transferred to the RCREG (if it is 
empty). If the transfer is complete, the interrupt bit RCIF 
(PIR1<5» is set. The actual interrupt can be enabled or 
disabled by the RCIE(PIE1 <5» bit. The RCIF is a read 
only bit which is reset by the hardware. In this case it is 
cleared when the RCREG has been read and is empty. 


The RCREG is a double buffered register, i.e. it is a two 
deep FIFO. 
It is possible for two bytes of data to be 
received and transferred to the RCREG FIFO and a third 
byte begin shifting to the RSR. On the detection of the 
stop bit of the third byte, if the RCREG is still full then the 
overrun error bit, OERR (RCSTA<1» 
will be set. The 
word in the RSR will be lost. The RCREG can be read 
twice to retrieve the two bytes in the FIFO. The OERR 
bit has to be cleared in software and this is done by 
resetting the receive logic ( CREN is set). If the OERR is 
set, transfers from the RSR to the RCREG are inhibited, 
so it is essential to OERR is set. The framing error bit 
FERR(RCSTA<2» 
is set if a stop bit is detected as a O. 


The FERR and the 9th receive bit are buffered the same 
way as the receive data. Reading the RCREG, will load 
the RCD8 and the FERR with new values, therefore it is 
essential for the user to read the RCSTA register before 
reading RCREG in order not to lose the old FERR and 
RCD8 information. 


L]""J""'l 
CREN 
~ 
~"""'" 
'ii"''''1'"'' 


OR 


-;-16 
i I 
SPBRG 
, 


, 
' 
._-------------------~ 
BAUD RATE GENERATOR 


I(~_~n 
) J 
: t 
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:ACPEO 
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Steps to follow when setting up a Asynchronous Recep- 
tion: 


o 
Initialize the SPBRG register for the appropriate 
baud rate. If a high speed baud rate is desired, 
set BRGH. See Section 12.1 for details. 


o 
Enable the asynchronous serial port by configur- 
ing the SYNC = 0 and SPEN = 1. 


o 
If interrupts are desired, then the RXIE bit should 
be set. 


o 
If9-bit reception is desired, then RX8I9-bit should 
beset. 


o 
Enable the reception by setting CREN. 


o 
The RCIF bit will be set when reception is com- 
plete and an interrupt will be generated if the 
RCIE bit were set. 


o 
Read the RCSTA to get the ninth bit(if enabled) 
and detennine if any error occurred during re- 
ception. 


o 
Read the 8-bit received data by reading the 
RCREG. 


o 
If any error occurred, clear the error by clearing 
CREN. 


Address 
Name 
Bit 7 
Bit6 
BitS 
Bit4 
Bit3 
Bit2 
Bit1 
Bit 0 


OXOC 
PIRl 
PSPlF 
AOIF 
RCIF 
TXIF 
SSPIF 
CCP11F 
TMR2IF 
TMRlIF 


Ox18 
RCSTA 
SPEN 
RC8/9 
SREN 
CREN 
- 
FERR 
DERR 
RCD8 


Ox19 
RCREG 
RX7 
RX6 
RXS 
RX4 
RX3 
RX2 
RXl 
RXO 


Ox8C 
PIEl 
PSPIE 
AOIE 
RCIE 
TXlE 
SSPIE 
CCP11E 
TMR2IE 
TMR11E 


Ox98 
TXSTA 
CSRC 
TXllI9 
TXEN 
SYNC 
- 
BRGH 
TRMT 
TX08 


Ox99 
SPBRG 
Baud Rate Register 
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12.3 SCI Synchronous 
Master 
Mode 


In Master Synchronous mode the data is transmitted in 
a half-duplex manner Le. transmission and reception do 
not occur at the same time, when transmitting data, the 
reception is inhibited and visa versa. The synchronous 
mode is entered by setting the SYNC(TXST A<4» bit. In 
addition the SPEN(RCSTA<7» 
bit is set in order to 
configure the RC6 and RC7 1/0 ports to CK(clock) and 
DT(data) lines respectively. The Master mode indicates 
that the processor transmits the master clock on the CK 
line. The 
Master 
mode 
is entered 
by setting 
the 
CSRC(TXSTA<7» 
bit. 


12.3.1 
SCI SYNCHRONOUS 
MASTER 
TRANSMISSION 


The 
SCI 
transmitter 
block 
diagram 
is shown 
in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer TXREG. 
The 
TXREG is loaded with data in software. The TSR is not 
loaded until the last bit has been transmitted from the 
previous load. As soon as the last bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail- 
able). 
Once the TXREG 
transfers 
the data to the 
TSR(occurs in one Tcycle), the TXREG is empty and a 
interrupt bit, TXI F (PIR 1<4» is set. This interrupt can be 
enabled or disabled by the TXIE bit( PIE1<4». 
TXIFwill 
be set regardless of 
TXIE and cannot be cleared in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicated the status of the 
TXREG, another bit TRMT(TXSTA<l 
» shows the sta- 
tus of the TSR. TRMT is a read only bit which is set when 
the TSR is empty. No interrupt logic is tied to this bit, so 
the user has to poll this bit in order to determine if the 
TSR is empty. The TSR is not mapped in data memory 
so it is not available to the user. 


Transmission 
is enabled 
by 
setting 
the 
TXEN 
(TXSTA<5» 
bit. The actual transmission will not occur 
until the TXREG has been loaded with data. The first 
data bit will be shifted out on the next available rising 
edge of the clock on CK. Data out is stable around the 
falling edge of the synchronous clock (Figure 12-1). The 
transmission 
can also be started by first loading the 
TXREG and then setting TXEN. This is advantageous 
when slow baud rates are selected, since the BRG is 
kept in reset when TXEN=CREN=SREN = O. Setting the 
TXEN bit will start the BRG, creating 
a shift clock 
immediately. Norrnallywhen transmission isfirst started, 
• 
the TSR is empty, so a transfer to TXREG will result in 
an immediate transfer to TSR resulting in an empty 
TXREG. Back-to-back transfers are possible. 


Clearing TXEN during a transmission, 
will cause the 
transmission to be aborted and will resetthe transmitter. 
The DT and CK pins will revert to hi-impedance. If either 
CREN or SREN are set, during a transmission, 
the 
transmission is aborted and the DT pin reverts to a hi- 
impedance state (for a reception). The CK pin will remain 
an output if CSRC=l(internal 
clock). The transmitter 
logic however is not reset although it is disconnected 
from the pins. In order to reset the transmitter, the user 
has to clear TXEN. If the SREN bit is set (to interrupt an 
on going transmission and receive a single word), then 
after the single word is received, the SREN will = 0 and 
the serial port will revert back to transmitting since the 
TXEN bit is still set. The DT line will immediately switch 
frorn hi-impedance receive mode to transmit and start 
driving. To avoid this, TXEN should be cleared. 
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In order 
to 
select 
9-bit 
transmission, 
the 
TX8/9 


(TXSTA<6» 
bit should be set and the ninth bit should be 


written to the TXD8(TXSTA<O». 
The ninth bit must be 
written before writing the 8-bit data to the TXREG. This 
is because a data write to the TXREG can result in an 
immediate transfer of the data to the TSR (if the TSR is 
empty). 
If the TSR was empty and the TXREG was 
written before writing the 'new' 
TXD8, the 'present' 
value of TXD8 is loaded. 


Steps to follow when setting up a Synchronous Master 
Transmission: 


• 
Initialize the SPBRG register for the appropriate 
baud rate (see Section 12.1 for details) 


• 
Enable the synchronous 
master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC= 
1. 


• 
If interrupts are desired, then the TXI E bit should 
beset. 


• 
If 9-bit transmission 
is desired, then TX8/9-bit 
should be set. 


• 
Enable the transmission by setting TXEN to 1. 


• 
If 9-bit transmission 
is selected, the ninth bit 
should be loaded in TXD8. 


• 
Start transmission by loading data to the TXREG. 


Address 
Name 
Bit7 
Bit 6 
Bit5 
Bit4 
Bit 3 
Bit2 
Bit 1 


OxOC 
PIRl 
PSPW 
ADtF 
ReIF 
TXIF 
SSPlF 
CCP11F 
TMR2IF 


Ox18 
RCSTA 
SPEN 
RC8I9 
SREN 
CREN 
FERR 
OERR 
ACD8 


Ox19 
TXREG 
TX7 
TX6 
TX5 
TX4 
TX3 
TX2 
TXl 
TXO 


Ox8C 
PIEl 
AOIE 
Rete 
TXIE 
SSPIE 
CCPUE 
'TMR2tE 
TMRliE 


Ox98 
TXSTA 
CSRC 
TX619 
TXEN 
SYNC 
TRMT 
TXD8 


Ox99 
SPBRG 
Baud Rate Register 


FIGURE 
12-11: 
SYNCHRONOUS 
TRANSMISSION 
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Once 
the synchronous 
mode 
is selected, 
reception 
is 


enabled 
by selting 
either 
the SREN(RCSTA<S» 
bit or 
the CREN(RCSTA<4». 
Data 
is sampled 
on the DT pin 
on the falling 
edge of the clock. 
If SREN 
is set, then only 
a single 
word 
is received, 
if CREN 
is set, the reception 


is continuous 
until CREN 
is reset. 
If both 
the bit are set 


then CREN takes precedence. 
After clocking 
the last bit, 
the received 
data in the Receive 
Shift 
Register(RSR) 
is 
transferred 
to the RCREG 
(if it is empty). 
If the transfer 


is complete, 
the interrupt 
bit RCIF (PIR1<S» 
is set. The 
actual 
interrupt 
can 
be 
enabled 
or 
disabled 
by 
the 
RCIE(PIE1 
<S» 
bit. The RCIF 
is a read only bit which 
is 
reset 
by the hardware. 
In this case 
it is reset 
when 
the 
RCREG 
has been 
read and is empty. 
The 
RCREG 
is a 
double 
buffered 
register, 
Le. it is a two deep 
FIFO. 
It is 
possible 
for two bytes 
of data to be received 
and trans· 


ferred 
to the RCREG 
FIFO and a third byte begin shifting 
to the RSR. 
On the clocking 
of the last bit of the third 
byte, 
if the RCREG 
is still full then the overrun 
error 
bit, 
OERR 
(RCSTA<1» 
is set. The word 
in the RSR will be 


lost. The RCREG 
can be read twice 
to retrieve 
the two 


bytes 
in the FIFO. 
The OERR 
bit has to be cleared 
in 
software 
and this is done by clearing 
CREN. 
lithe 
OERR 


is 
set, 
transfers 
from 
the 
RSR 
to 
the 
RCREG 
are 
inhibited, 
so it is essential 
to clear the OERR 
if set. The 
9th receive 
bit is buffered 
the same 
way 
as the receive 
data. 
Reading 
the 
RCREG, 
will 
load 
the 
RCD8 
with 
a 


new value, 
therefore 
it is essentialforthe 
userto 
read the 


RCSTA 
register 
before 
reading 
RCREG 
in order 
not to 


lose the old RCD8 
information. 


Steps 
to follow 
when 
selting 
up a Synchronous 
Master 


Reception: 


o 
Initialize 
the SPBRG 
register 
for the appropriate 
baud 
rate. See section 
12.1 for details. 


o 
Enable 
the 
synchronous 
master 
serial 
port 
by 


configuring 
the 
bits 
SYNC 
= 1, SPEN 
= 1 and 


CSRC= 
1. 


o 
If interrupts 
are desired, 
then the RXIE bit should 
beset. 


o 
If 9·bit reception 
is desired, 
then RXB/9·bit 
should 
beset. 


o 
If a single 
reception 
is required, 
set SREN. 
For 
continuous 
reception 
set CREN. 


o 
The 
RCIF 
bit will be set when 
reception 
is com· 


plete 
and 
an 
interrupt 
will 
be generated 
if the 
RCIE 
bit were 
set. 


o 
Read 
the RCSTA 
to get the ninth bit(if enabled) 


and 
determine 
if any 
error 
occurred 
during 
re- 


ception. 


o 
Read 
the 
8·bit 
received 
data 
by 
reading 
the 


RCREG. 


o 
If any error 
occurred, 
clear 
the error 
by clearing 


CREN. 


Address 
Name 
Bit7 
Bit 6 
BitS 
Bit 4 
Bit 3 
Bit2 
Bit 1 
Bit 0 


OxOC 
PIR1 
PSf>IFi 
'AOIF 
RCIF 
TXlF 
SsPIF 
CCP11fi' 
';TMf\2IF 
fMR11f5 


Ox18 
RCSTA 
SPEN 
RC8I9 
SREN 
CREN 
....",.. 
.., 
FgRR 
OERR 
RCD8 


Ox19 
PCREG 
RX7 
RX6 
RX5 
RX4 
RX3 
RX2 
RX1 
RXO 


Ox8C 
PIE1 
PSPIE 
AOlE 
RCIE 
TXlE 
SSPlE 
CCP1lE 
TMR2IE 
TMRtlE 


Ox98 
TXSTA 
CSRC 
TX8I9 
lXEN 
SYNC 
- 
BRGH 
TRMT 
TX08 


Ox99 
SPBRG 
Baud Rate Register 


aziool "': o'lazl 001"': 0'1 azl 001"':0'1 azl 031",:o'lazl 
031"': 0'1 azl 031"': o'lazl031 "': 0'1 azl031 "': o'lazl 031"': 0'1021031"': 0'102 
1031",1 


I 
1 
1 
I 
I 
1 
I 
1 
1 
I 


I 
CKpin 
I 
I 


~~~ 
I 
---u----------------------- 


1 


SRENbit -.J 
1 
1 


CRENbit -,,-_I 
. 
.._.. 
_. 
"_ 


1 


RBFLbit 
1 
i 
(interrupt) 
--~--~---_--_-- 
~- 
___' 
tj 


Read 
__ 
<-- __ 
-+- __ 
-<- 
+- __ 
--+- 
'-- 
__ 
-+-__ 
.....•. 
+-- __ 
-+-: _ 
1 


RXREG 
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12.4 SCI Synchronous 
Slave Mode 


The synchronous slave mode differs from the master 
mode in the fact that the shift clock is supplied extemally 
at the CK pin (instead of being supplied intemally in the 
master mode). This allows the device to transfer or 
receive data in the SLEEP mode. The slave mode is 
entered by clearing the CSRC(TXSTA<7» 
bit. 


12.4.1 SCI SYNCHRONOUS 
SLAVE TRANSMIT 


The operation of the sync master and slave modes are 
identical except in the case of the SLEEP mode. 


If two words are written to the TXREG and then the 
SLEEP instruction executed, the following will occur. 
The first word will immediately transfer to the TSR and 
transmit. The second word will remain in TXREG. The 
TXI Fwill not be set. When the first word has been shifted 
out of TSR, the TXREG will transfer the second word to 
the TSR and the TXIF flag will now be set. If the TXIE is 
enabled, the interrupt will wake the chip from SLEEP and 
if the global interrupt is enabled, then the program will 
branch to the interrupt vector (OOO4h). 


Steps to follow when setting up a Synchronous Slave 
Transmission: 


• 
Enable the synchronous 
slave serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC=O. 


• 
Make CREN = 0 
• 
If interrupts are desired, then the TXIE bit should 
beset. 


• 
If 9-bit transmission 
is desired, then TX8I9-bit 
should be set. 


• 
Enable the transmission by setting TXEN to 1. 
• 
If 9-bit transmission 
is selected, the ninth bit 
should be loaded in TXD8. 
• 
Start transmission by loading data tothe TXREG. 


The operation of the synchronous 
master and slave 
modes is identical except in the case of the SLEEP 
mode. Also, SREN is a don't care in slave mode. 


If receive is enabled (CREN) prior to the SLEEP instruc- 
tion, then a word may be received during SLEEP. On 
completely receiving the word, the RSR will transfer the 
data to the RCREG and ifthe RCIE bit is set, the interrupt 
generated will wake the chip from SLEEP. If the global 
interrupt is enabled, the program will branch to the 
interrupt vector (OOO4h). 


Steps to follow when setting up a Synchronous Slave 
Reception: 


• 
Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC=O. 
• 
If interrupts are desired, then the RCIE bit should 
beset. 


• 
If9-bit reception isdesired, then RX8I9-bit should 
beset. 


• 
To enable reception, set CREN = 1. 
• 
The RCIF bit will be set when reception is com- 
plete and an interrupt will be generated 
if the 
RCIE bit were set. 


• 
Read the RCSTA to get the ninth bit(if enabled) 
and determine if any error occurred during re- 
ception. 
• 
Read the 8-bit received data by reading the 
RCREG. 
• 
If any error occurred, clear the error by clearing 
CREN. 


Address 
Name 
BI17 
BI16 
BI15 
BI14 
BI13 
Blt2 
Bit 1 
Bit 0 


OxOC 
PIRl 
PSPIF 
AOIF 
RCIF 
TXIF 
SSPIF 
CCP1IF 
TMR2IF 
TMRllF 


Ox18 
RCSTA 
SPEN 
RC8I9 
SREN 
CREN 
- 
FERR 
CERR 
RC06 


Ox19 
TXREG 
TX7 
TX6 
TX5 
TX4 
TX3 
TX2 
TXl 
TXO 


Ox8C 
PIEl 
PSPIE 
ADIE 
RCIE 
TXIE 
SSf'IE 
CCPllE 
TMR2IE 
TMRnE 


Ox98 
TXSTA 
CSRC 
TX819 
TXEN 
SYNC 
- 
BRGIi 
TRMT 
TXD8 


Ox99 
SPBRG 
Baud Rate Register 


Address 
Name 
Bit 7 
Bit 6 
Bit 5 
Blt4 
Bit 3 
Blt2 
Bit 1 
Bit 0 


OXOC 
PIRl 
PSPtF 
ADlF 
RCIF 
TXIF 
SSPIF 
CCP1JF 
TMR2IF 
TMRlIF 


Oxl8 
RCSTA 
SPEN 
RC8/9 
SREN 
CREN 
_i 
FERR 
OERR 
RCD8 


Ox19 
RCREG 
RX7 
RX6 
RX5 
RX4 
RX3 
RX2 
RXl 
RXO 


Ox8C 
PIEl 
PSPlE 
"DIE 
RCIE 
TXIE 
SSPIE 
CCPlfE 
TMR2IE 
TMA11€ 


Ox98 
TXSTA 
CSRC 
TX8I9 
TXEN 
SYNC 
- 
MGI{ 
TRMT 
TXO& 


Ox99 
SPBRG 
Baud Rate Register 
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13.0 
ANALOG TO DIGITAL 
CONVERTER 
MODULE (AID) 


Analog-to-Digital 
Converter (AID) 
Module 


The analog-to-digital converter (AID) allows conversion 
of an analog input signal to a corresponding 8-bit digital 
number. The AID module has eight analog inputs, which 
are multiplexed into one sample and hold. The output of 
the sample and hold is the input into the converter, which 
generates the result via successive approximation. The 
analog reference voltage is software selectable to either 
the device's positive supply voltage (V00) or the voltage 
level on the RA3IAN3IVREF pin. The AID converter has 
a unique feature of being able to operate while the 
device is in SLEEP mode. 


The AID module has three registers. These registers 
are: 


• AID result register (ADRES) 


• AID control register 0 (ADCONO) 


• AID control register 1 (ADCON1) 


The ADCONO register, shown in Figure 13-1, controls 
the operation of the AID module. The ADCON 1 register, 
shown in Figure 13-2, configures the functions of the port 
pins. The port pins can be configured as analog inputs 
(RA3 can also be a voltage reference) or as digital 1/0. 


Address: 
1Fh 
RIW: 
Readable & 
Reset value: 
ooh 
writable 
bitO 
R: 
Read only 
U: 
Unused, 
reads as'O' 


ADON: NO on bit 
1 = 
NO converter module is operating. 


o = 
NO 
converter module is shut 011 and 
consumes no operating current. 


GOIDONE: NO conversion status bit. 
IfADON = 1 
1 = 
NO conversion is progress. 
Setting this 
bit starts an NO conversion. 


o = 
NO conversion not in progress / 
completed. 
This bit is automatically 
cleared by hardware when the NO 
conversion is completed. 


IfADON=O 
This bit is forced to zero. 


CHS <2:0>: Analog channel select. 
000 = channel 0 
(RAO/AINO) 
001 = channell 
(RA1/AIN1) 
010 = channel 2 
(RA2IAIN2) 
011 = channel 3 
(RA3IAIN3) 
000 = channel 4 
(RA5IAIN4) 
001 = channel 5 
(REO/AIN5) 
010 = channel 6 
(RE1/AIN6) 
111 = channel 7 
(RE2IAIN7) 


ADCS<l :0>: NO conversion clock select. 
00 = foscl2 
01 = foscl8 
10 = fosc/32 
11=fRC (clock is derived from an RCosciliator) 
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ANI: 
Readable & 
writable 
R: 
Read only 
U: 
Unused, 
reads as'O' 


PCFG<2:0>: 
AID port configuration 
bits. 


These bits configure the analog port pins to 
the various modes of operation. 


PCFG <2:0> 
RAO 
RAI 
RA2 
RAS 
RA3 
REO 
REI 
RE2 
Ref 


000 
A 
A 
A 
A 
A 
A 
A 
A 
Voo 


001 
A 
A 
A 
A 
VREF 
A 
A 
A 
RA3 


010 
A 
A 
A 
A 
A 
0 
0 
0 
Voo 


011 
A 
A 
A 
A 
VREF 
0 
0 
0 
RA3 


100 
A 
A 
0 
0 
A 
0 
0 
0 
Voo 


101 
A 
A 
0 
0 
VREF 
0 
0 
0 
RA3 


llX 
0 
0 
0 
0 
0 
0 
0 
0 
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The ADRES register contains the result of the AID 
conversion. When the AID conversion is completed, the 
result is loaded into the ADRES, the GO/DONE bit 
(ADCONO<2» 
is cleared, and the AID interrupt flag 
(ADlF) is set. The block diagram. of the AID module is 
shown in Figure 13-3. 


After the AID module has been configured as desired, 
the selected channel must be sampled before the con- 
version is started. The analog input channels must have 
their corresponding TRIS bits selected as an input. The 
AID bit sample time is defined as Tad' To determine 
sample time see Section 13.1. Afterthis sample time has 
elapsed the AID conversion can be started. The follow- 
ing steps should be followed for doing an AID conver- 
sion: 


1. 
Configure the AID module 


• 
Configure analog pins / voltage reference / 
and digital I/O (ADCON1<2:0» 


• 
Select AID input channel (ADCONO<5:3» 


• 
Select AID conversion clock (ADCON<7:6» 


• 
Turn on AID module (ADCON<O» 


2. 
Configure AID interrupt (if required) 


• 
Clear ADIF bit (PIR1<6» 


• 
Set ADIE bit (PIE1<6» 


• 
Set GIE bit (INTCON<7> 


3. 
Ensure required sampling time 


4. 
Start conversion 


• 
Set GO/DONE bit (ADCONO<2» 


5. 
Wait for AID conversion to complete, by either: 


Polling for the GO/DONE bit to be cleared 


• 
Waiting for the AID interrupt 


6. 
Read AID Result register (ADRES), clear ADIF if 
required. 


7. 
For next conversion, go to step 1 or step 2 as 
required. A minimum wait of 2Tadis required before 
next sampling starts. 


CSH<2:0> 
____1L-'-____ 


"'-0 
111 
~ 
RE2IAIN7 


"'-0 
110 
~ 
RE1/AIN6 


"'-0 
101 
~ 
REOIAIN5 


"'-0 
000 
~ 
RAO/AINO 


"'-0 
001 
~RA1/AIN1 


"'-0 
010 
~ 
RA2IAIN2 


011 
RA3IAIN3IVREF 
, 
100 
, 
RA5IAIN4 
,____________ 
.-i 


Input channel mux 


AID 
Converter 


Vr.' 


(Reference 
voltage) 


Voa 
:----Jm~; 


: 
~: 
100 
, 
, 
'--flr 
J 


PCFG<2:0> 


001 or 
0110r 
101 
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13.1 Sampling Requirements 


For the AID converter to meet its specified accuracy, the 
charge holding capacitor (C""",)must be allowed to fully 
charge to the input channel voltage level. The analog 
input model is shown in Figure 13-4. The source imped- 
ance 
(Rs) and the 
internal 
sampling 
switch 
(R••) 


impedence directly affect the time required to charge the 
capacitor C"""'. The sampling switch (R••) impedence 
varies over the device voltage (Vdd), see Figure 13-4. 
The maximum 
recommended 
impedance 
for analog 
sources 
is 1o-Kn. After the analog input channel is 
selected (changed) this sampling time must be done 
before the conversion is started. 


To calculate 
the minimum 
sampling 
time, Equation 
13-1 may be used. This equation assumes that 1/2 Isb 
error is used (512 steps for the AID). 
The 1/21sb error 


is the maximum error allowed for the AID to meet its 
specified resolution. 


EQUATION 13-1: 
AID SAMPLING TIME 
EQUATION 


VREF = 
0IREF 
- VRE,!512)' 
(1 -e (-ve""", 
(R,C +R,;. + RJ) 


or 


t = -51.2 pF (2-Kn + Rs) In (1/511) 


Example 13-1 shows the calculation of the minimum 
required sample time. This calculation is based on the 
following system assumptions: 


Rs= 10-Kn 
1/2 LSB error 
Vdd = 5-V ~ 
Rss = 7-Kn 
Temp (system Max.) = 50°C 


Cpin 


5pF 


'Note: 1. The referenCe voltage ('1_)has no effect 
on the equation. since it cancels itself out. 


2. The charge hQldingc::apacltor(~ 
isn6t 
discharged after each conversfon. 


3. Th. tnaX!lnum recotnmended impedance 
for analog sources is 1o-l<Q. This is 
requir((ld to meetthepfoleal<aQe 
speQiti- 


cation. 


4. AfWr a col'lver~n.has completed, 2 Tlid 
time must bewailed 
befOre sampling can 
begin again. During this time the holding 
capac~orlsnotCOl'l~edto 
the ~ected 
AID input channel.. 


EXAMPLE 13-1: CALCULATING THE 
MINIMUM REQUIRED 
SAMPLE TIME 


Sampling Time 
Amplifier Settling Time 
+ 
Holding Capacitor Charging Time 
+ 
Temperature Coefficient t 
5~s + t + [(Temp - 25°C) 
(0.05~sl°C)]t 
-C""", (RIC + Rss+ Rs) In (1/511) 
-51.2 pF (8-Kn + 10-Kn) In (0.0020) 
-51.2 pF (18-Kn) In (-0.0020) 
-0.921~s (-6.2364) 
5.724~ 
Sampling Time 
5~s + 5.724~ 
+ [(50°C - 25°C) 


(0.05~s 1°C)] 
1O.724~s + 1.25~ 
11.974~s 
t 
The temperaturecoefficientis only requiredfor 
temperatures> 25OC. 


Sampling 
Switch::~~~ 
Chold 
= DAC capacitance 
51.2 pF 
Ileakage 
±500nA 


Legend 
Cpin 
= input capacitance 


VT 
= threshold voltage 
lIeakage = leakage current at the pin due to various junctions 
Ric 
= interconnect resistance 


SS 
= sampling switch 
Chold 
= sample/hold capacitance (from DAC) 


6V 


5V 
Voo 4V 
3V 


2V 


5 
6 7 8 9 1011 
SamplingSwitch 
(K- ) 
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13.2 Selecting the Conversion Clock 


The AID conversion requires 10 Tad'The source of the 
AID conversion 
clock is software selected. The four 


possible options for Tadare: 


• 
2 Tosc 


• 
8Tosc 


• 
32 Tosc 
• 
Internal RC oscillator 


For correct AID conversions, 
the AID conversion clock 


(Tad)must be selected to ensure a minimum Tadtime of 
1.6 us. Table 13-1 shows the resultantT adtimes derived 
from the device operating frequencies and the AID clock 
source selected. 


13.3 Configuring Analog Port Pins 


The use of the ADCON1, TRISA, and TRISE registers 
control the operation of the AID port pins. The port pins 
that are desired as analog inputs must have their corre- 
sponding TRIS bit set (input). If the TRIS bit is cleared 
(output), the digital output level (VOH or VOL) will be the 
converted. 


The AID operation is independent of the state of the 
CS<2:0> bits and the TRIS bits. 


Note: 
1. When reading the PORT register, all pins 


configured as analog input channel wilt 
read as cleared (a loWlevel). f'f~ config- 
ured as digital inputs, will convert 
an 


analog in put. Analog levels on a digitally 
configured input will not affect the conver- 
sion accuracy. 


2. Analog levelsOfl any pin that isdeflnedas 


a (!lgitaI inPllt (lncl!J<!irlgthe AIN"t·() pins), 
may cause the inputibuffer 
to consume 


current thatisout of the devices specifica- 
tion. 


AD Clock Source (Tad) 
Device Frequency 


Operation 
ADCS1 :ADCSO 
20 MHz 
5MHz 
1.25 MHz 
333.33 KHz 


2 Tosc 
00 
tOOns§ 
4OOns§ 
1.6 !J.s 
6!J.S 


8 Tosc 
01 
400ns§ 
1.6 !J.S 
6.4!J.s 
24Jis. 


32 Tosc 
10 
1.6 !J.S 
6.4 !J.S 
25.6ps • 
96ps. 


RC 
11 
2 - 6 !J.s· 
2 -6!J.S· 
2 - 6!J.S· 
2 -6 !J.s· 


• The RC source has a typical Tadtime of 4 us. 


§ These values 
violate the minimum required Tadtime . 


• For faster conversion times, the selection of another clock source is recommended. 
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13.4 AID Conversions 


Example 13-2 shows how to perform an AID conversion. 
The RAO, RA 1, and RA3 pins are configured as analog 
inputs. The analog reference (VAEF) is the device V00- 
The RA2, RA5, RE<2:0> pins are configured as digital 
1/0. The AID interrupt is enabled, and the AID conver- 
sion clock is T Ae' The conversion is performed on the 
RAOchannel. 


EXAMPLE 13-2: 
DOING AN AID 
CONVERSION 


BSF 
STATUS,RPO 
; Select 
Page 1 


KJ\IUII 
Ox04 
; Configure 
AID 
Inputs 


KJIIWF 
AOCON1 


BSF 
PIE1, ADIE 
; Enable 
AID 
interrupts 


BCF 
STATUS,RPO 
; Select 
Page 0 


KJ\IUII 
OXCl 
; RC clock, 
AID 
is 
on, 


; Ch 0 is 
selected 
KJIIWF 
ADCONO 
BCF 
PIR1, ADIF 
; Clear 
AID 
Int 
Flag 


BSF 
INTCON,PEIE 
; Enable 
Peripheral 
; Interrupts 


BSF 
INTCON,GIE 
; Enable 
All Interrupts 


; Ensure that 
the required 
sampling time for the 
; selected 
input channel has lasped. Thenthe 


; conversion maybe started. 


; Start 
AID Conversion 


The ADIF bit 
will 
be 
set 
and theGO/OONEbit 
cleared 
upon comple- 


tion 
of the 
AID 
con- 


version. 


Note: ~ 
GO/DONE bit $I)OU1d NOT be set in 
the same instruction that tums on 1he AID. 


Clearing the GOIDONE bit during a conversion will abort 
the current conversion. 
The ADRES will NOT be up- 


dated with the partially completed AID conversion sample. 
That is the ADRES will continue to contain the value of 
the last completed conversion (or the last value written 
to the ADRES 
register). After the AID conversion 
is 


aborted, the 2Tadwait is required before the next sam- 
pling is started. After this 2Tadwait, sampling is automati- 
cally started on the selected channel. 


13.4.1 
FASTER CONVERSION - LOWER 
RESOLUTION TRADEOFF 


Not all applications require a result with a-bits of resolu- 
tion, but may instead require a faster conversion time. 
The AID module allows users to make the trade off of 
conversion speed to resolution. Regardless of the reso- 
lution required, the sampling time is the same. To speed 
up the conversion, the clock source of the AID module 
may be switched so that the Tadtime violates the mini- 
mum specified time (see specification # 120). Once the 
Tadtime violates the minimum specified time, all the 
following AID result bits are not valid (see AID Conver- 
sion Timing in the Electrical Specifications section.) The 
clock sources may only be switched between the three 
oscillator versions (cannot be switched from/to RG). The 
equation to determine the time before the oscillator can 
be switched is as follows: 


Conversion time = 
2Tad+ N Tad+ (a - N)(2 Tosc) 


Where: 
N = number of bits of resolution required 


Since the Tadis based from the device oscillator, the user 
must use some method (a timer, software loop, etc) to 
determine when the AID oscillator may be changed. 
Example 13-2 shows a comparison of time required for 
a conversion with 4-bits of resolution, verses the a-bit 
resolution 
conversion. 
The example 
is for a device 


operating at 20 MHz (The AID clock is programmed for 
32 Tosc), and assumes that immediately after 6 Tad'the 
AID clock is programmed for 2TOSC' 


The 2 Tosc violates the Tadtime of 1.6Ils, since the last 
4-bits will not be converted to correct values. 


EXAMPLE 13-2: 
4-BIT VS. 8·BIT 
CONVERSION TIMES 
(AT 20 MHz). 


Resolution 


4-bit 
8-bit 


Tad 
1.61ls 
1.61lS 


TOSC 
SOns 
SOns 


2Tad+NTad+(a-N)(2Tosc) 
lOllS 
161ls 
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An AID conversion can be started by the 'special event 
trigger" of the CCP2 module. 
This requires that the 
CCP2M<3:0> 
bits (CCP2CON<3:0» 
be programmed 
as 1011b and that the AID module is enabled (ADON is 
set). When the trigger occurs, the GO/DONE bit will be 
set to start the AID conversion and the Timer 1 counter 
will be reset to zero. Timer 1 is reset to automatically 
repeat the AID sampling period, with minimal software 
overhead (moving the ADRES to the desired location). 
The appropriate analog input channel must be selected 
and the minimum sampling done before the 'special 
event trigger" sets the GO/DONE bit (starts a conver- 
sion). 


Ifthe AID module is not enabled (ADON is cleared), then 
the 'special 
event trigger" will be ignored by the AID 
module, but will still reset the Timer 1 counter. 


13.6 Operation During Sleep 


The AID module can operate during SLEEP mode. This 
requires 
that 
the 
AID 
clock 
source 
be set to RC 
(ADCS<1 :0> = 11b). When the RC clock source is 
selected the AID 
module waits one instruction cycle 
before starting the conversion. This allows the SLEEP 
instruction to be executed, which eliminates all digital 
switching noise from the conversion. When the conver- 
sion is completed the GO/DONE bit will be cleared, and 
the result loaded into the ADRES register. If the AID 
interrupt isenabled, the device will wake-up from SLEEP. 
If the AID interrupt is not enabled, the AID module will 
remain be turned off, though the ADON bit will remain 
set. 


When the AID clock source is another clock option (not 
RC), a SLEEP instruction will cause the present conver- 
sion to be aborted and the AID module to be turned off, 
though the ADON bit will remain set. 


Turning off the AID places the AID module in its lowest 
current consumption state. 


Note: 
FortheAIDmoduletnopetatetnSLEEP,the 
AJD clock 
source 
must be set to RC 
(AOCS<1:0>--11b). 


13.7 AID Accuracy/Error 


The overall accuracy of the AID is less than ± 1 LSB for 
V00 = 5 V ± 10% and the analog VREF= V00' This overall 
accuracy 
includes offset error, full scale error, and 
integral error. The AID converter is guaranteed to be 
monotonic. 
The resolution and accuracy may be less 
when either the analog reference (V00) is less then 5.0V 
or when the analog reference (VREF) is less then V00' 


The maximum pin leakage current is ± 5 Jla. 


In systems where the device frequency is low, use of the 


AID clock derived from the device oscillator is preferred. 
This is because Tad'when derived from Toscis kept away 
from on-chip phase clock transitions. This reduces, to a 
large extent, the effects of digital switching noise. This is 
not possible with the RC derived clock. The loss of 
accuracy due to digital switching noise can be significant 
if many I/O pins are active. 


In systems where the device will enter SLEEP mode 
after the start of the AID conversion, the RC clock source 
selection is required. In this mode, the digital noise from 
the modules in SLEEP are stopped. This method gives 
the highest accuracy. 


13.8 Effects of a RESET 


A device reset forces all register to their reset state. This 
forces the AID module to be turned off, and any conver- 
sion is aborted. The value that is in the ADRES register 
is not modified for a power-on reset. The ADRES regis- 
ter will contain unknown data after a power-up reset. 


1PU'®~~m~IriJ~U'~ 


2-477 


• 


13.9 Connection 
Considerations 


Since the analog inputs employ ESD protection, they 
have reversed biased diodes to VDO and V55' This re- 
quires that the analog input must be between V DO and 
V55' If the input voltage exceeds this range by greater 
than O.6V (either direction), one of the diodes is forward 
biased and it may damage the device if the input current 
specification is exceeded. 


An external RC filter is sometimes added for anti-aliasing 
of the input signal. The Rcomponent should be selected 
to ensure that the total source impedance is kept under 
the 10K recommended specification. Any external com- 
ponents connected (via high impedance) to an analog 
input pin (capacitor, zener diode, etc.) should have very 
little leakage current at the pin. 


The ideal transfer function of the ND converter is as 
follows: The first transition occurs when the analog input 
voltage 
(VAIN) is 1 LSB (or Analog VREF /256). 
This is 


shown in Figure 13-5. 


••••••••••..••..•.••.•.•••.•.•.••..•.• 
:;tf 
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ADON=OS-:l 


~ 
y 


Address 


06/86 
OC 


8C 
00 
80 


1E 


1F 


8F 


05 


85 


09 


89 


Name 


INTCON 


PIR1 


PIE1 


PIR2 


PIE2 


ADRES 


ADCONO 


ADCON1 


PORTA 


TRISA 


PORTE 


TRISE 


PortA Data Latch when written to, PortA when read 


PortA Data Direction latch 


PortE Data Latch when written to, PortA when read 


PortE Data Direction latch 
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14.0 
SPECIAL FEATURES OF THE 
CPU 


What sets apart a microcontrollerfrom 
other processors 
are special circuits to deal with the needs of real time 
applications. 
The PIC16CXX family has a host of such 
features intended to maximize system reliability, mini- 
mize cost through elimination of extemal components, 
provide power saving operating modes and offer code 
protection. 
These are: 


1. OSC selection 
2. 
Reset 
Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 
3. 
Interrupts 
4. Watchdog Timer (WDT) 
5. 
SLEEP 
6. 
Code protection 
7. 
In-circuit serial programming 


The PIC16CXX has a watchdog timer which can be shut 
off only through EPROM fuses. 
It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the oscilla- 
tor start-up timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
power-up timer (PWRT), which provides a fixed delay of 
72 ms (nominal) on power up only, designed to keep the 
part in reset while the power supply stabilizes. 
With 
these two timers on-ehip, most applications need no 
extemal reset circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through 
external 
reset, watchdog 
timer time-out 
or 
through an interrupt. Several oscillator options are also 
made available to allow the part to fit the application. The 
RC oscillator option saves system cost while the LP 
crystal option saves power. A set of EPROM configura- 
tion bits (fuses) are used to select various options. 


14.1 Configuration Fuses 


The PIC16CXX has six configuration fuses which are 
EPROM bits. These fuses can be programmed (read as 
'0') or left unprogrammed (read as '1') to select various 
device configurations. 
These bits are mapped in pro- 
gram memory location 2OO7h. 


The user will note that address 2OO7his beyond the user 
program memory space. In fact, it belongs to the special 
tesVconfiguration memory space (2OOOh-3FFFh), which 
can be accessed during programming. 


Register. 
FUSES 
R1W: Readable & 
Address: 
2007h 
writable 
R: 
Read only 
U: 
Unimplemented, 
read as '0' 


FOSC<1 :0>: 
OSC selection fuses. 


11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: 
WDT enable fuses. 


1 = WDT enabled 
o = WDT disabled 


PWRTE: 
Power-up timer enable fuses. 


1 = power-up time enabled 
o = power-up timer disabled 


CP<1 :0>: 
Code protection fuses. 


11: Code protection oil 
10: Upper hall o! program memory code 
protected 
01: 
Upper 314th o! program memory code 
protected 
00: All memory is code protected 


Unimplemented. 
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14.2 
Oscillator 
Configurations 


14.2.1 
OSCILLATOR 
TYPES 


The PIC16CXX 
can be operated 
in four different 
oscilla- 


tor options. 
The user can program 
two configuration 
bits 


(FOSCl 
and FOSCO) to select 
one of these four modes: 


• 
LP 
Low 
Power 
Crystal 


• 
XT 
Crystal 


• 
HS 
High 
Speed 
Crystal 


• 
RC 
Resistor/Capacitor 


14.2.2 
CRYSTAL 
OSCILLATOR 
/ CERAMIC 


RESONATORS 


In XT, LP or HS modes 
a crystal 
or ceramic 
resonator 
is 


connected 
to the 
OSCl 
and 
OSC2 
pins 
to establish 
oscillation 
(Figure 
14-2). 
The 
PIC16CXX 
Oscillator 
design 
requires 
the use of a parallel 
cut crystal. 
Use of 
a series 
cut 
crystal 
may 
give 
a frequency 
out 
of the 
crystal 
manufacturers 
specifications. 
When 
in XT, LP or 
HS modes, 
the device 
can have an external 
clock source 
to drive 
the OSCl 
pin. 
This 
is shown 
in Figure 
14-3. 


FIGURE 14·2: CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 


See Tables 14-1 and 14-2 for recommended 
values of C1 
and C2. 


Note 1: A series resistor may be required for AT strip cut 
crystals. 


FIGURE 14·3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


OSC1 


PIC16CXX 


OSC2 


TABLE 14-1: 
CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 


Type 
Frequency 
Cl = C2 


XT 
455 
KHz 
150 - 330 pF 


2.0 MHz 
20 - 330 
pF 


4.0 MHz 
20 - 330 
pF 


HS 
8.0 MHz 
20 - 200 
pF 


Higher capacitance 
increases the stability of oscillator but 
also increases 
the start-up 
time. 
These values 
are for 
design guidance only. 
Since each resonator 
has its own 
characteristics, 
the user should consu~the resonator manu- 
facturer for appropriate values of external components. 


TABLE 14-2: 
CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 


Osc 
Freq 
Cl 
C2 
Type 


LP 
32 KHz§ 
15 pF 
15 pF 


100 KHz 
15 pF 
15 pF 


200KHz 
0-15 
pF 
0- 
15 pF 


XT 
100 KHz 
15 - 30 pF 
200·300 
pF 


200 KHz 
15-30pF 
100 - 200 pF 


455 KHz 
15-30pF 
15 - 100 pF 


1 MHz 
15-30pF 
15-30pF 


2MHz 
15 pF 
15 pF 


4 MHz 
15 pF 
15 pF 


HS 
4 MHz 
15 pF 
15 pF 


8MHz 
15 pF 
15 pF 


20 MHz 
15 pF 
15 pF 


Higher capacitance 
increases the stability of oscillator but 
also increases 
the start-up 
time. 
These values 
are for 
design guidance only. Rs may be required in HS mode as 
well as XT mode to avoid overdriving crystals with low drive 
level specification. 
Since each crystal has its own charac- 
teristics, the user should consu~ the crystal manufacturer 
for appropriate values of external components. 


§ For Voo > 4.5V, C1 = C2 ,. 30pf is recommended. 
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14.2.3 
EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. 
A well-designed 
crystal oscillator will 


provide good performance with TTL gates. Two types of 
crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 


Figure 14-4 shows implementation of a parallel resonant 
oscillator circuit. 
The circuit is designed to use the 


fundamental 
frequency of the crystal. 
The 74AS04 


inverter performs the 180-degree phase shift that a 
parallel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 10 kQ potentiom- 
eter biases the 74AS04 in the linear region. This could 
be used for external oscillator designs. 


FIGURE 14-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


Figure 14-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental 
frequency of the crystal. 
The inverter performs a 180- 


degree phase shift in a series resonant oscillator circuit. 
The 33O-Q resistors provide the negative feedback to 
bias the inverters in their linear region. 


FIGURE 14-5 : EXTERNALSERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 
e~·, 


XTAl 


For timing insensitive applications the 'RC' device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) 
and capacitor (Cext) values, and the operation 


temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 


capacitance between package types will also affect the 
oscillation frequency, 
especially for low Cext values. 


The user also needs to take into account variation due 
to tolerance of external Rand 
C components 
used. 


Figure 14-6 shows how the RlC combination 
is con- 


nected to the PIC16CXX. 
For Rext values below 2.2 


kOhm, the oscillator operation may become unstable, or 
stop completely. 
For very high Rext values (e.g. 1 


MOhm), the oscillator becomes sensitive to noise, hu- 
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, 
the oscillation frequency 


can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See Section 17.0 for RC frequency variation from part to 
part due to normal process variation. 
The variation is 


larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See Section 17.0forvariation 
of oscillator frequency due 


to Voo for given RextlCext values as well as frequency 
variation due to operating temperature for given R, C, 
and Voo values. 


The oscillator frequency, divided by 4, is available on the 
OSC2ICLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3-2 for wave- 
form). 


Gext I 


Vss -= 
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14.4 Power-On Reset (POR). Power-Up-Timer 
(PWRD and Oscillator Start-up Timer 
(QSI) 
The PIC16CXX differentiates between various kinds of 
reset: 


a) 
Power-on reset (PaR) 


b) 
MaR 
Reset during normal operation 


Cd) MCLR reset during SLEEP 
) 
WDT time-out reset during normal operation 
e) 
WDT time-out reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on paR and unchanged in any 
other reset. 
Most other registers are reset to a "reset 
state" on power-on reset (paR), 
on MCLR orWDT reset 
during normal operation and on MCLR reset during 
SLEEP. They are not affected by a WDT reset during 
SLEEP, since this reset is viewed as the resumption of 
normal operation. 
TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 14-4. These bits are used in software to determine 
the nature of reset. see Table 14-6 for a full description 
of reset states of all registers. 


A simplified block diagram of the on-ehip reset circuit is 
shown in Figure 14-7. 


14.4.1 Power-On Reset (PaR) 


A Power-On Reset pulse is generated on-chip when Voo 
rise is detected (in the range of 1.6V - 1.8V). To take 
advantage of the paR, 
just tie MCLR pin directly (or 
through a resistor) to Voo. This will eliminate external 
RC components 
usually needed to create Power-On 
Reset. 
A minimum rise time for Voo is required. 
See 
Electrical Specifications for details. 


The paR circuit does not produce internal reset when 
Voo declines. 


14.4.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72ms time-out on 
power-up only, from paR. The power-up timer operates 
on an internal RC oscillator. The chip is kept in reset as 
long as PWRT is active. 
The PWRT delay allows the 
Voo to rise to an acceptable level. A configuration fuse, 
PWRTE can enable (if set) or disable (if cleared or 
programmed) the power-up timer. 


The Power-Up Time delay will vary from chip to chip and 
due to Voo and temperature. 
See DC parameters for 


details. 


POWER 
UP ANO 
PWRTE 
(Enable 
the PWRT 
timer 
only 
if it is power_up 
and power_on 
timer 
fuse 
is enabled.) 


t This is a separate 
oscilator 
from the 
RC oscillator 
of the CLKIN 
pin. 


(POWER_UP 
+WAKE_UP) 
(XT + LP + HS) 
(Enable 
the OST 
if it is power_up 
or wake_up 
from 
SLEEP 
and OSC 
type is XT, HS, or LP) 
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14.4.3 OSCILLATOR START-UP TIMER (OST) 


The Oscillator 
Start-Up Timer (OST) provides 
1024 
oscillator cycle (from OSC1 input) delay after the PWRT 
delay is over. This guarantees that the crystal oscillator 
or resonator has started and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on power-on reset or wake-up from 
SLEEP. 


14.4.4 TIME-OUT SEQUENCE 


On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE fuse status. 
For 
example, in RC mode with PWRTE fuse cleared (PWRT 
disabled), there will be no time-out at all. Figures 14-8 
to 14-10 depict time-out sequences. 


TABLE 14-3: TIME-OUT IN VARIOUS 
SITUATIONS 


Oscillator 
Powerup 
Wake up from 
Configuration 
PWRTE=l 
PWRTE=O 
SLEEP 


XT, HS, LP 
72ms+ 
1024 tosc 
1024 tosc 
1024 tosc 
RC 
72ms 
- 
- 


Since the time-outs occur from POR pulse, if MCl.R 
is 
kept low long enough, the time-outs will expire. 
Then 
bringing MClR 
high will begin execution immediately 


(see Figure 14-9). This is useful for testing purposes or 
to synchronize more than one PIC16CXX device oper- 
ating in parallel. 


Table 14-5 shows the reset conditions for some special 
registers, while Table 14-6 shows the reset conditions 
for all the registers. 


14.4.1 POWER CONTROUSTATUS 
REGISTER 


(PCON) 


The power controVstatus register, PCON (address 8Eh) 
has only one bit. 


Bit1 isPOR (Power-on-reset). 
Itisclearedonpower-on- 


reset and unaffected otherwise. The user must set this 
bit following power-on-reset. 
On a subsequent reset if 
POR is cleared, it will indicate that a Power-On Reset 
must have occured (Voo may have gone too low). 


TABLE 14-4: 
STATUS BITS AND THEIR 
SIGNIFICANCE 


POR 
TO 
PO 


0 
1 
1 
Power-on-reset 


- 


0 
0 
X 
Illegal, TO is set on POR 


0 
X 
0 
Illegal, PO is set on POR 


1 
0 
1 
WOT reset during normal operation 


1 
0 
0 
WDT timeout wakeup from SLEEP 


1 
1 
1 
MCl.R 
reset during normal operation 


1 
1 
0 
MCl.R 
reset dUrin~ SLEEP or 
interrupt wake-up 
rom SLEEP 


PCl 
STATUS 
PCON 
Addr: 02h 
Addr: 03h 
Addr: 8Eh 


Power-On Reset 
OOOh 
0001 1xxx 
---- 
--0- 
-- 
MCl.R reset during normal operation 
OOOh 
0001 
1uuu 
---- 
--u- 


-- 
MCLR reset during SLEEP 
OOOh 
0001 
Ouuu 
---- --u- 


WDT reset during normal operation 
OOOh 
0000 
1uuu 
---- 
--u- 


WDT during SLEEP 
PC+1 
uuuO 
Ouuu 
---- 
--u- 


Interrupt wake-up from SLEEP 
PC + 1 (1) 
uuu1 
Ouuu 
---- 
--u- 


Legend: 
u 
= 
unchanged 
x 
= 
unknown 
- 
= 
unimplemented 
bit, reads as '0' 


Notes: 
1. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (OO04h). 
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Register 
Address 
• Power-on 
Reset 
• MCl.R 
Reset during: 
. Wake up from 
SLEEP 
• normal 
operation 
through 
interrupt 
-SLEEP 
. Wake up from 
SLEEP 
• WDT timeout 
during 
normal 
through 
WDT timeout 
operation 


W 
- 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


INDF 
DOh 
- 
- 
- 


RTCC 
01h 
xxxxxxxx 
uuuuuuuu 
uuuuuuuu 


PC 
02h 
OOOOh 
OOOOh 
PC + 1 (2) 


STATUS 
03h 
00011xxx 
000? ?uuu 
(3) 
UliU? ?uuu 
(3 ) 


FSR 
04h 
xxxxxxxx 
uuuu 
uuuu 
uuuu uuuu 


PORTA 
05h 
--xxxxxx 
--uu 
uuuu 
--uu 
uuuu 


PORTB 
06h 
xxxxxxxx 
uuuuuuuu 
uuuuuuuu 


PORTC 
07h 
xxxxxxxx 
uuuuuuuu 
uuuuuuuu 


PORTD 
08h 
xxxxxxxx 
uuuuuuuu 
uuuuuuuu 


PORTE 
09h 
---- 
-xxx 
---- 
-uuu 
---- 
-UUli 


PCLATH 
OAh 
---0 
0000 
---0 
0000 
---u 
uuuu 


INTCON 
OBh 
0000 OOOx 
0000 OOOu 
uuuu uuuu (1) 


PIR1 
OCh 
0000 0000 
0000 0000 
uuuu uuuu (I) 


PIR2 
ODh 
---- ---0 
---- ---0 
---- ---u(2) 


TMR1l 
OEh 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


TMR1H 
OFh 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


T1CON 
10h 
--00 
0000 
--uu 
uuuu 
--uu 
uuuu 


TMR2 
11h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


T2CON 
12h 
-000 
0000 
-000 
0000 
-UUli uuuu 


SSPBUF 
13h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


SSPCON 
14h 
0000 
0000 
0000 0000 
uuuu 
uuuu 


CCPR1l 
15h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


CCPR1H 
16h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


CCP1CON 
17h 
--00 
0000 
--00 
0000 
--uu 
uuuu 


RCSTA 
18h 
0000 
0000 
0000 0000 
uuuu 
uuuu 


TXREG 
19h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


RCREG 
1Ah 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


CCPR2l 
1Bh 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


CCPR2H 
1Ch 
xxxx xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


CCP2CON 
tDh 
0000 
0000 
0000 0000 
uuuu 
uuuu 


ADRES 
1Eh 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 


ADCONO 
1Fh 
0000 0000 
0000 0000 
uuuu 
uuuu 


legend: 


Notes: 


(Cant.) 
u 
= 
unchanged, 
x 
= 
unknown, 
- 
= 
unimplemented 
bit, reads as '0', 
? = value depends on condition 


1. 
One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 


2. 
When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 
vector (OOO4h). 
3. 
See Table 12-5 for reset value for specific condition. 
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Register 
Address 
• Power-on 
Reset 
• 
t..O..R 
Reset during: 
• 
Wake up from 
SLEEP 
• normal 
operation 
through 
interrupt 
-SLEEP 
• 
Wake up from 
SLEEP 
• WDT timeout 
during 
normal 
through 
WDT timeout 
operation 


INDF 
80h 
- 
- 
- 


OPTION 
81h 
11111111 
11111111 
uuuuuuuu 


PC 
82h 
OOOOh 
OOOOh 
PC 
+ 1 


STATUS 
83h 
00011xxx 
OOO??uuu (3) 
uuu? ?uuu 
(3) 


FSR 
84h 
xxxxxxxx 
uuuuuuuu 
uuuuuuuu 


TRISA 
85h 
--111111 
--111111 
--Ull uuuu 


TRISB 
86h 
11111111 
11111111 
uuuuuuuu 


TRISC 
87h 
11111111 
11111111 
uuuuuuuu 


TRISD 
88h 
11111111 
11111111 
UUUUUllUU 


TRISE 
89h 
0000 -111 
0000 -111 
uuuu -uuu 


PCLATH 
8Ah 
---0 
0000 
---0 
0000 
---u 
uuuu 


INTCON 
8Bh 
0000 OOOx 
OOOOOOOu 
uuuu uuuu(l) 


PIE1 
8Ch 
0000 0000 
0000 0000 
uuuuuuuu 


PIE2 
8Dh 
---- 
---0 
---- 
---0 
---- 
---u 


PCON 
8Eh 
---- 
--0- 
---- 
--u- 
---- 
--u- 


PR2 
92h 
xxxxxxxx 
uuuuuuuu 
uuuuuuuu 


SSP ADD 
93h 
0000 0000 
0000 0000 
uuuuuuuu 


SSPSTAT 
94h 
--00 0000 
--00 0000 
--Ull uuuu 


TXSTA 
98h 
0000 0000 
0000 0000 
uuuuuuuu 


SPBRG 
99h 
xxxxxxxx 
uuuuuuuu 
uuuuuuuu 


ADCON1 
9Fh 
---- 
-000 
---- 
-000 
---- 
-uuu 


Legend: 


Notes: 


u 
= 
unchanged, 
x 
= 
unknown, 
- 
= 
unimplemented 
bit, reads as '0', 
? = value depends on condition 


1. 
One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. 
When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 
vector (OOO4h). 


3. 
See Table 12-5 for reset value for specific condition. 


1P11'®~~mhllt§ll1'3f 


2-486 


-~/ 


MCLR 


INTERNAL 
paR 
h_: 
-------------------- 
___ 
:~ _IPWRT~~1 , 


PWRT 
TIME-OUT 
!4-IOST""'; 
i 
1-- 


-IN-TE-R-N-A-L-RE-S-ET----------------------1 


/ 


__ Y 


MCLR ---n 
1 


! 


__ 
i. 
_IPWRT_"I 
, 


r lOST ...• i 
_ 


--------_1 


--Y 
--{------- 


___ 
n_; 
_ 


~IPWRT-I-,-- 


i4- IOST"1 
, 1----- 


1 


1P~®~~m~Iril~~Y' 


2-487 


• 


FIGURE 14-11: EXTERNAL POWER-ON RESET 
CIRCUIT (FOR SLOW Voo 
POWER-UP) 


FIGURE 14-12: 
BROWN-OUT PROTECTION 
CIRCUIT 1 


Notes: 
1. 
This circuit 
will activate 
reset when VDD goes 


below ryz + O.7V) where Vz ; Zener voltage. 


Notes: 
1. 
Extemal 
power-on 
reset circuit is required 
only if 
VDD power-up slope is too slow. The diode 0 helps 
discharge the capacitor quickly when VDD powers 
down. 


2. 
A < 40KQ 
is recommended 
to make 
sure that 
voltage drop across A does not exceed O.2V (max 
leakage current spec on MCLR pin is 5ItA). A larger 
voltage drop will degrade V,H level on MCLR pin. 


FIGURE 14-13: BROWN-OUT PROTECTION 


CIRCUIT 2 


3. 
R1; loon to 1KQ will limit any current flowing into 
MCLR from extemal 
capacitor 
C in the event of 
MCLR pin breakdown due to ESD or EOS. 


Notes: 
1. 
This brown circuit is less expensive, 
albeit less 


accurate. 
Transistor 01 tums off when VDD is 


below a certain level such that: 


Voo. 
---.BL...... ; 0 7V 
R1 +R2 
.. 
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14.5 
Interrupts 


The PIC16C74 has 12 sources of interrupt: 


• 
External interrupt RBO/INT 
• 
RTCC timer/counter overflow interrupt 
PortB change interrupts (pins RB<7:4» 
• 
Timer1 overflow interrupt 
• 
Timer2 interrupt 
• 
CCP1 interrupt 
• 
CCP2 interrupt 
• 
SCI asynchronous transmit and receive 
• 
Sync serial port interrupt 
• 
SCI interrupt 
• 
AID interrupt 
• 
Microprocessor port read/write interrupt 


The interrupt control register(INTCON, addrOBh) records 
individual interrupt requests in flag bits. 
It also has 
individual and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7» 
enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 


The RETFIE instruction allows user to return from inter- 
rupt and enable interrupt at the same time. 


The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 


The peripheral interrupt flags are contained in the spe- 
cial register PIR1 (OCh). The corresponding interrupt 
enable 
bits are contained 
in special registers 
PIE1 
(8Ch). 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) ofthe interrupt 
can be determined by polling the interrupt flag bits. The 
interruptflag bit(s) must be cleared in software before re- 
enabling interrupts to avoid recursive interrupts. 


Note 1: Individual interrupt flag bits are set regard-. 


less of the status of their corresponding 
mask bit or the GIE bit. 
Note 2: If an interrupt occurs while the Global 
Interrupt Enable (GtE) bit is being cleared. 
the GIE bit may unintentionally 
be re- 


enabled by the user's Interrupt Service 
Routine 
(the RETFrE Instruction). 
The 
events that would cause this to occur are: 
1. 
Aninstruclion 
clears the GIEbit whlle 
an interrupt is acknowledged 
2. 
The program branches to the lnter- 
ruptveclorand 
executes the Interrupt 
service Routine. 
3. 
The Interrupt Service Routine com- 
pletes with the execU1ion of the 
RE':l'F:I'E instruction. This causes the 
GUS bit to be set (enables interrupts), 
RroIJtM\ retulTl$ to the 
Ilh 
after the one which 
W3& 
disable Interrupts. 


The methOd to ensure lhaIlnterrupts 
are 
globally disabled Is: 


1. 
EnsurethattheGIE 
bitwasctearedby 
the instruction,asshown 
in the follow- 
ingcode: 


LOOP 8CF 
!N"1'CON.GIK: 
; 
BTFSC IN'l'CON. GIE: 
rupts 
: 
GOTO 
LOOP 


Disahle Global 
Interrupts 
Global Inter- 
Disabled? 
NO, 
try 
again 
Yes, 
continue 
With progrWll 


flO1i 
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External interrupt on RBOIINT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6» 
is set, or/alling, 
if INTEDG bit is clear. When a valid edge appears on the 
INT pin, the INTF bit (INTCON<1 » is set. This interrupt 
can 
be disabled 
by clearing 
the 
INTE control 
bit 
(INTCON<4». 
The INTF bit rnust be cleared insoftware 
in the interrupt service routine before re-enabling this 
interrupt. The INT interrupt can wake up the processor 
from SLEEP, if the INTE bit was set prior to going into 
SLEEP. The status olthe GIE bit decides whether or not 
the processor branches to the interrupt vector following 
wake-up. 
See Section 14.8 for details on SLEEP and 
Figure 14-16 for timing of wake-up from SLEEP through 
INT interrupt. 


14.5.2 
TMRO INTERRUPT 


An overflow (FFh ~ DOh)in the TMRO will set the TOIF 
(INTCON<2» 
bit. 
The interrupt can be enabled/dis- 
abled by setting/clearing 
TOlE (INTCON<5» 
bit. 
For 
operation of the TMRO module. see Section 7.0. 


14.5.3 PORT RB INTERRUPT 


An input 
change 
on PortB 
<7:4> 
sets 
the 
RBIF 
(INTCON<O» 
bit. 
The interrupt can be enabled/dis- 
abled by setting/clearing 
the RBIE (INTCON<4» 
bit. 


For operation of PortB, see Section 5.2. 


GIEbit 
(INTCON <7» 


INSTRUCTION 
FLOW 


Instruction 
{ 
fetched 


Instruction 
{ 
executed 


Note: 
If a change on Ifle I/O pin should occurwhen 
the read operation is being executed (startot 
tfle Q2 cycle) •.then the HBIF intenupt flag 
may riot be set. 


14.6 
Context Saving During Interrupts 


During an interrupt, only the return PC value is saved on 
the stack. 
Typically, 
users may wish to save key 
registers during an interrupt e.g. W register and status 
register. This will have to be implemented in software. 


EXAMPLE 14-1: SAVING W REGISTER AND 
STATUS IN RAM: 


Notes: 
1. INTF flag is sampled 
here 
(every 
01) 
2. Interrupt 
latency = 3-4 Tcy where 
Tcy = instruction 
cycle 
time. 


Latency 
is the same 
whether 
Inst (PC) 
is a single 
cycle 
or a 2-cycle 
instruction. 
3. CLKOUT 
is available 
only 
in RC oscillator 
mode. 
4. For minimum 
width 
spec 
of INT pulse. 
refer to AC specs. 


5. INTF 
is enabled 
to be set anytime 
during 
the 04-01 
cycles. 
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14.7 
Watchdog Timer (WOD 


The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any extemal com- 
ponents. This RC oscillator is separate from the RC 
oscillator ofthe CLKIN pin. That means that the WDTwili 
run, even if the clock on the OSC1 and OSC2 pins of the 
device has been stopped, for example, by execution of 
a SLEEP instruction. 
During normal operation, a WDT 


timeout generates a device RESET. If the device is in 
SLEEP mode, a WDT timeout causes the device to 
wake-up and continue with normal operation. The WDT 
can be permanently disabled by programming the con- 
figuration fuse WDTE as a '0' (Section 14.1). 


FromTMROClock Source 
(see Figure7-6) 


Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTIONregister 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, Voo and process variations from part to part (see 
DC specs). 
If longer time-out periods are desired, a 


prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 


The CLRWDT and SLEEP 
instructions clear the WDT and 
the prescaler, ifassigned to the WDT, and prevent it from 
timing out and generating a device RESET condition. 


The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 


14.7.2 WDT PROGRAMMING CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
time-out occurs. 


ToTMRO 
(see Figure7-6) 


Address 
Name 
Bit 7 
Bit6 
BitS 
BIt4 
Bit 3 
Bit2 
Bit 1 
Bit 0 


2007 
Config. Fuses 
- 
- 
CPI 
CPO 
PWATE 
WDTE 
FOSC1 
FOSCO 


81 
OPTION 
RBPU 
INTEDG 
RTS 
RTE 
PSA 
PS2 
PS1 
PSO 
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PIC16C74 


14.8 Power-Down Mode (SLEEP) 


The Power-Down mode is entered by executing a SLEEP 
instruction. 


Ifenabled, the.'t/atchdog Timerwill be cleared but keeps 
runlling, the PD bit in the STATUS register is cleared, 
the TO bit is set, and the oscillator driver is tumed off. 
The 1/0 ports maintain the status they had, before the 
SLEEP command was executed (driving high, low, or hi- 
impedance). 


For lowest curent consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no extemal circuitry 
drawing current from the 1/0 pin. 
1/0 pins that are hi- 


impedence inputs should be pulled high or low extemally 
to avoid switching currents caused by floating inputs. 
The RTCC input should also be at Voo or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PortS should be considered. 


The MClR 
pin must be at a logic high level (VIHMC). 


It should be noted that a RESET generated by a WDT 
time-out does not drive MCLA pin low. 


The device can wake up from SLEEP through one of the 
following events: 


1. External reset input on MClR 
pin 


2. Watchdog timer time-out reset (if WDTwas enabled) 
3. 
Interrupt from INT pin, RS port change, TMRO over- 
flow, or some Peripheral Interrupts. 


The following peripheral interrupts can wake-up from 
SLEEP: 


1. TMR1 interrupt. 
Timer1 must be operating as an 


asynchronous counter. 


2. 
SSP Start/Stop bit detect interrupt. 


3. 
CCP capture mode interrupt. 


4. 
Slave port read or write. 


Other peripherals 
can not generate 
interrupts since 


during SLEEP, no on-ehip Q clocks are present. 


The first event will cause a device reset. The two latter 
events are considered a continuation of program execu- 
tion. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. PD bit, 
which is s~on 
power-up is cleared when SLEEP is 


invoked. 
TO bit is cleared if WDT time-out occurred 


(and caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. 
For the device to 


wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). 
Wake-up is 


regardlessolthe 
state olthe GIE bit. lithe GIE bit is clear 


(disabled), the device continues execution at the instruc- 
tion after the SLEEP instruction. 
If the GIE bit is set 


(enabled), the device executes the instruction after the 
SLEEP 
instruction and the branches to the interrupt 


address (OOO4h). In cases where the execution of the 
instruction following 
SLEEP is not desirable, the user 


should have a NOP after the SLEEP instruction. 


Note:lf 
the global intemJPts are disabled 
(GIE is 


cleared), but any lnlemJptSOurce has both 
its interrupt enable bit and the correspond- 
ing intemJpt flag bits set, the device will 
Immediately wake from sleep. 


The WDT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 


INsmucnON 
FlOW 


PC 


Instruction { 
fetched 
Inst(PC)'" SLEEP 


Inshlction{ 
Inst(PC-11 


o><8CUled 


N_ 
1. XT, HS or LP oscillalor 
mode assumed 
2. test", 1024tosc 
(drawing not IoscaJe). 
ThIs delay witI not be there lor ACosc 
mode. 


3. OlE", 
1 assumed.. 
In this case after wake up processor jl.mps 10lntemJpt routine. 


IfGIE:: 0, execution 
will continue 
in line. 


4. 
CLKOUT 
is not avaiabte 
in lhese 
06C modes, 
but 
ShOwn 
here 
tor timing 
reference. 
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The code in the program memory can be protected by 
blowing the code protect fuses (CP<1 :0». 


When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 


In code-protected mode, the configuration word (2007h) 
will not be scrambled, allowing reading of all fuses. 


14.9.1 CODE PROTECTION FUSES: 


The PIC16117 microcontroller code protection scheme 
has been enhanced. 
These enhancements allow the 
user to selectively code protect portions of the program 
memory. 
The two code protect fuses (CP<1:0» 
allow 
the selection of the following code protection mappings: 


11 
Program memory not code protected 
01 
Upper 3/4 of program memory code protected 
(3FF - OFFFh) 
10 
Upper 1/2 of program memory code protected 
(7FF - OFFFh) 
00 
Entire program memory code protected 


Any word of a protected memory section will read out a 
scrambled version as shown in Figure 14-19: 


FIGURE 14-19: 
PROTECTED MEMORY 
READ FORMAT 


13 


10000 


where 
bO 


760 
o 0 0 
I b6 b5 b4 b3 b2 b1 bO I 


XNOR of bitO and bit7 of the 
program memory location. 


XNOR of bit1 and bitS of the 
programmemory 
location. 


The configuration word is not code protected, and there- 
fore no scrambling is done. Unprotected segments read 
normally. 
Once the program memory location(s) have 
been code protected, those memory locations can not 
be further programmed. 


14.9.2 VERIFYING A CODE-PROTECTED 
PART 


When code protected, verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOxxxxxxx'(binary) where X is 1 or O. To verify 
a device after code protection, follow this procedure: 


1. First, program and verify a good device without code 
protecting it. 


2. Next, blow its code protection fuse and then load its 
contents in a file. 
3. Verify any code-protected 
PIC16C74 against this 
file. 


14.10 
In-Circuit Serial Programming 


The PIC16CXX microcontrollers 
can be serially pro- 
grammed while in the end application circuit. 
This is 
simply done with two lines for clock and date, and three 
other lines for power, ground, and the programming 
voltage. This allows customers to manufacture boards 
with unprogrammed 
devices, and then program the 
microcontroller just before shipping the product. 
This 
allows the most recent firmware or a custom firmware to 
be programmed. 


The device is placed into a programlverify 
mode by 
holding the RB6 and RB7 pins low while raising the 
MClR 
(Vpp) pin from Vii to Vihh. 
ROObecomes the 
programming clock and RB7 becomes the programming 
data. 
Both RB6 and RB7 are schmidt trigger inputs in 
this mode. 


After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location 00h. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com- 
mand was a load or a read. For complete details of serial 
programming, 
please refer to the PIC16C6X17X Pro- 


gramming Specifications (Literature #DS30228). 


A typical in-system serial programming connection is 
shown in Figure 14-20. 


TYPICAL IN-SYSTEM 
SERIAL PROGRAMMING 
CONNECTION 


To Normal 


External 
Connections 


Connector 
PIC16CXX 
Signals 


+5V 
Voo 


OV 
Vss 


VPf' 
MCLRNPf' 


eLK 
RB6 


Data 110 
R87 


To Normal 
Connections 
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Each PIC16CXX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 15-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 15-1 shows the 
opcode field descriptions. 


For byte-oriented instructions, 'f' represents a file regis- 
ter designator and 'd' represents a destination designa- 
tor. The file register designator 
specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 'b' 
represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an eight 
or eleven bit constant or literal value. 


TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS 


Field 
DescrlDtlon 


f 
Register file address (OxOOto OX7F) 
w 
Working register (accumulator) 
b 
Bit address within an 8 bit file reaister 
k 
Literal field, constant data or label 
x 
Don't care location (= 0 or 1) 
The assembler will generate code with x = 
O. It is the recommended form of use for 
comoatibilitv with all software tools. 
d 
Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 
label 
Label name 
TOS 
Top of Stack 
PC 
Proaram Counter 
PCLATH 
Proaram Counter Hiah Latch 
GIE 
Global Interrupt Enable Bit 
WDT 
Watchdog Timer Counter 
TO 
Time-out Bit 
PD 
Power-down Bit 
dest 
Destination either the W register or the 
specified register file location 
[ l 
Options 


( 
) 
Contents 


-7 
Assigned to 


< 
> 
Register bit field 


E 
In the set of 
italic 
User defined term 


The instruction set is highly orthogonal and is grouped 
into three basic categories: 


Byte oriented operations 
Bit oriented operations 
Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 llsec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 llsec. 


Table15-2 liststhe instructions recognized bythe MPASM 
assembler. 


Figure 15-1 shows the three general formats that the 
instructions can have. 


Hotlr. 
To maintainupwaro 
eompatibitity 
withfu.- 


ture PICt6CXX 
products, do not use the 
OPTION and TRIS instructions. 


All examples use the following format to represent a 
hexidecimal number: 


Oxhh 
where h signifies a hexidecimal digit. 


FIGURE 15-1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 
8 
7 
6 
0 


OPCODE 
I d I 
I(FILE II) 
d = 0 lor destination 
W 
d = 1 lor destination 
I 
1= 7-bit lile register address 


Bit-oriented file register operations 


13 
10 9 
7 
6 
0 
I 
OPCODE 
I 
b(BIT II) I 
I(FILE II) 
b = 3-bit bit address 
I = 7·bit file register address 


Literal and control operations 


13 
8 
7 
0 
I 
OPCODE 
I 
k (LITERAL) 


k = B-bit immediate value. 
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Mnemonic, 
Description 
Cycles 
14-BII Opcode 
I 
Status 
Notes 
Operands 
msb 
Isb 
I 
Affected 


BYTE-oRIENTED 
FILE REGISTER OPERATIONS 


ADDWF 
I, d 
Add Wand 
I 
1 
00 
0111 
dfff 
ffff 
C,DC,Z 
1,2 


ANDWF 
I, d 
ANDWandl 
1 
00 
0101 
dfff 
ffff 
Z 
1,2 


CLRF 
I 
Clear I 
1 
00 
0001 
Hff 
ffff 
Z 
2 


CLRW 
· 
ClearW 
1 
00 
0001 
Oxxx xxxx 
Z 


COMF 
I, d 
Complement 
f 
1 
00 
1001 
dfff 
ffff 
Z 
1,2 


DECF 
I, d 
Decrement f 
1 
00 
0011 
dfff 
ffff 
Z 
1,2 


DECFSZ 
I, d 
Decrement f, Skip if 0 
1 (2) 
00 
1011 
dfff 
ffff 
1,2,3 


INCF 
I, d 
Increment 
f 
1 
00 
1010 
dfff 
ffff 
Z 
1,2 


INCFSZ 
I, d 
Increment 
I, Skip il 0 
1 (2) 
00 
1111 
dfff 
ffff 
1,2,3 


IORWF 
I, d 
Inclusive OR Wand 
I 
1 
00 
0100 
dfff 
ffff 
Z 
1,2 


MOVF 
I, d 
Movef 
1 
00 
1000 
dfff 
ffff 
Z 
1,2 


MOVWF 
f 
MoveWtol 
1 
00 
0000 
Hff 
ffff 
NOP 
- 
No Operation 
1 
00 
0000 
OxxO 0000 


RLF 
I, d 
Rotate left I through 
carry 
1 
00 
1101 
dfff 
ffff 
C 
1,2 


RRF 
I, d 
Rotate right f through 
carry 
1 
00 
1100 
dfff 
ffff 
C 
1,2 


SUBWF 
I, d 
Subtract W Irom f 
1 
00 
0010 
dfff 
ffff 
C,DC,Z 
1,2 


SWAPF 
I, d 
Swap halves f 
1 
00 
1110 
dfff 
ffff 
1,2 


XORWF 
I, d 
Exclusive OR Wand 
f 
1 
00 
0110 
dfff 
ffff 
Z 
1,2 


BIT-oRIENTED 
FILE REGISTER OPERATIONS 


BCF 
I, b 
Bit Clear I 
1 
01 
OObb bfff 
ffff 
1,2 


BSF 
I, b 
Bit Set I 
1 
01 
01bb 
bfff 
ffff 
1,2 
BTFSC 
I, b 
Bit Test f, Skip if Clear 
1 (2) 
01 
10bb 
bfff 
ffff 
3 
BTFSS 
I, b 
Bit Test I, Skip if Set 
1 (2) 
01 
11bb 
bfff 
ffff 
3 


LITERAL AND CONTROL OPERATIONS 


ADDLW 
k 
Add literal to W 
1 
11 
111x 
kkkk 
kkkk 
C,DC,Z 
ANDLW 
k 
AND literal to W 
1 
11 
1001 
kkkk 
kkkk 
Z 
CALL 
k 
Call subroutine 
2 
10 
Okkk 
kkkk 
kkkk 


CLRWDT 
· 
Clear watchdog 
timer 
1 
00 
0000 
0110 
0100 
TO,PO 
GOTO 
k 
Go to address 
2 
10 
1kkk 
kkkk 
kkkk 
IORLW 
k 
Inclusive 
OR literal to W 
1 
11 
1000 
kkkk 
kkkk 
Z 
MOVLW 
k 
Move literal to W 
1 
11 
OOxx 
kkkk 
kkkk 
RETFIE 
· 
Return from interrupt 
2 
00 
0000 
0000 
1001 
RETLW 
k 
Return with literal in W 
2 
11 
01xx 
kkkk 
kkkk 
RETURN 
- 
Return from subroutine 
2 
00 
0000 
0000 
1000 
-- 
SLEEP 
· 
Go into standby mode 
1 
00 
0000 
0110 
0011 
TO, PO 
SUBLW 
k 
Subtract W Irom literal 
1 
11 
110x 
kkkk 
kkkk 
C,DC,Z 
XORLW 
k 
Exci. OR literal to W 
1 
11 
1010 
kkkk 
kkkk 
Z 


Notes: 1. When an VO register is modified as a function of itse~ ( e.g. MOVF PORTB, 1), the value used will be that value present on 


the pins themselves. 
For example, if the data latch is "1" for a pin configured as input and is driven low by an extemal device, 
the data will be written back with a '0'. 


2. If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared if assigned to 


theTMRO. 


3. If Program Counter (PC) is modified or a conditional 
test is true, the instruction 
requires two cycles. 
The second cycle is 


executed as a NOP. 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


ADDWF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Add Literal to W 


[label] 
ADDLW 
k 


0~k~255 


(W)+k~W 


C,DC,Z 


~ 
The contents of the W register are 
added to the eight bit Iiteral"k" and the 
result is placed in the W register. 


1 


1 


ADDLW 
Ox15 


Before Instruction 
W = 
Oxl0 


After Instruction 
W = 
0x25 


ADDWtof 


[label] 
ADDWF 
f,d 


0~f~127 
dE [0,1] 


(W) + (f) ~ (dest) 


C,DC,Z 


~ 
Add the contents of the W register to 
register T. 
If "d" 
is 0 the result is 
stored in the W register. If "d" is 1the 
result is stored back in register T. 


ADDWF 
FSR, 
0 


Before Instruction 
W 
= 
Ox17 
FSR = 
OxC2 


After Instruction 
W 
OxD9 
FSR 
= 
OxC2 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


AND Literal and W 


[label] 
ANDLW 
k 


0~k~255 


(W) .AND. (k) ~ W 


Z 


~ 
The contents ofW register are AND'ed 
with the eight bit Iiteral"k". The result 
is placed in the W register. 


ANDLW 
Ox5F 


Before Instruction 
W = 
OxA3 


After Instruction 
W = 
Ox03 


AND Wwith f 


[label] 
ANDWF 
f,d 


0~f~127 
dE [0,1] 


(W) .AND. (f) ~ dest 


Z 


~ 
AND the W register with register T. If 
"d" is 0 the result is stored in the W 
register. If"d" is 1 the result is stored 
back in register T. 


ANDWF 
FSR, 
1 


Before Instruction 
W 
= 
Ox17 
FSR = 
OxC2 


After Instruction 
W 
Ox17 
FSR = 
Ox02 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


BSF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Bit Clear f 


[label] 
BCF 


0~f~127 
0~b~7 
o --t f<b> 


None 


~ 
Bit "b" in register "f' is reset to O. 


BCF 
FLAG_REG, 
7 


Before Instruction 
FLAG_REG = 
OxC7 


After Instruction 
FLAG_REG = 


Bit set f 


[label] 
BSF 


O~f~ 
127 


0~b~7 


1 --t f<b> 


None 


~ 
Bit "b" in register "f' is set to 1. 


BSF 
FLAG_REG, 
7 


Before Instruction 
FLAG_REG = 
OxOA 


After Instruction 


FLAG_REG = 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


BTFSS 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Bit Test. skip if Clear 


[label] 
BTFSC 
f,b 
o ~ f ~ 127 
0~b~7 


skip if (f<b» = 0 


None 


~ 
If bit 'b' in register 'f' is '0' then the next 
instruction is skipped. 


If bit 'b' is '0', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a2 cycle 
instruction. 


HERE 
BTFSC 


FALSE 
GOTO 


TRUE 


FLAG,l 
PROCESS_CODE 


Before Instruction 
PC = address 
HERE 


After Instruction 


if FLAG<1> = 0, PC = address 
TRUE 


ff FLAG<1> = 1, PC = address 
FALSE 


Bit Test. skip if set 


[label] 
BTFSS 
f,b 


0~f~127 
0~b~7 


skip if (f<b» = 1 


None 


~ 
If bit "b" in register "f' is"l" 
then the 


next instruction is skipped. 


If bit '"b" is "0", the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
execu1edinstead making this a2 cycle 
instruction. 


HERE 
BTFSC 


FALSE 
GOTO 
TRUE 


FLAG,l 


PROCESS_CODE 


Before Instruction 
PC = address 
HERE 


After Instruction 


jf FLAG<1> = 0, PC = address 
FALSE 


ff FLAG<l> 
= 1,PC = address 
TRUE 
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CALL 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


CLRF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subroutine Call 


[label] 
CALL 
k 


0~k~2048 


(PC) + 1 ~ TOS, 
k ~ 
PC<10:0>, 


(PCLATH<4:3» 
~ PC<12:11>; 


None 


~ 
Subroutine call. First, return address 
(PC + 1) is pushed onto the stack. The 
eleven 
bit immediate 
address 
is 
loaded into PC bits <10:0>. The up- 
per bits of the PC are loaded from 
PCLATH (f03). CALL is a two cycle 
instruction. 


HERE 
CALL 
THERE 


Before Instruction 
PC 
= 
Address HERE 


After Instruction 
PC 
= 
Address THERE 
TOS = 
Address HERE 


Clearf 


[label] 
CLRF 


O~f~ 
127 


OOh~f 
1~Z 


Z 
~ 
The contents of register"f" are cleared 
and the Z bit is set. 


CLRF 
FLAG_REG 


Before Instruction 
FLAG_REG = 
Ox5A 


After Instruction 
FLAG_REG = 
OxOO 
Z=1 


CLRW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


CLRWDT 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Clear W Reaister 


[label] 
CLRW 


None 


OOh~(W) 
1 ~Z 


Z 


~ 
W registered is cleared. Zero bit (Z) is 
set. 


CLRW 


Before Instruction 


W = 
Ox5A 


After Instruction 
W 
OxOO 


Z 
= 
1 


Clear Watchdoa Timer 


[label] 
CLRWDT 


None 


OOh~WDT, 
o ~ WDT prescaler, 


1 ~TO 


1 ~PO 


TO,PO 


~ 
CLRWDT instruction resets the watch- 
dog timer. It also resets the prescaler 
- 
- 


of the WDT. Status bits TO and PO 
are set. 


CLRWDT 
Before Instruction 


WDT counter = ? 


After Instruction 
WDT counter = OxOO 
WDT prescale = 0 


TO =0 
PO =0 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


DECF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Complement 
f 


[label] 
COMF 
f,d 


Os f S 127 
dE 
[0,1] 


(f) -t 
(dest) 


Z 


~ 
The contents of registerT are comple- 
mented. If"(j" is 0 the result is stored 
inW. If"(j" is 1the result is stored back 
in register T. 


COMF 
REGl, 
0 


Before Instruction 
REGl = 
Ox13 


After Instruction 
REGl = Ox13 
W 
= OxEC 


Decrement 
f 


[label] 
DECF 
f,d 


OsfS127 
dE [0,1] 


(f)-l -t (dest) 


Z 


~ 
Decrement register T. 
If "d" is 0 the 
result is stored in the W register. If "d" 
is 1the result is stored back in register 
T. 


1 


1 


DECF 
CNT, 
1 


Before Instruction 
CNT = 
OxOl 
Z 
= 
0 


After Instruction 
CNT = 
OxOO 
Z 
= 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


GOTO 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Decrement 
1. skip if 0 


[label] 
DECFSZ 
f,d 


Os fs 127 
dE [0,1] 


(f) - 1 -t d; skip if result = 0 


None 


~ 
The contents of register T are decre- 
mented. If "d" is 0 the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register T. 


If the result is 0, the next instruction, 
which isalready fetched, is discarded. 
A NOP is executed instead making it 
a two cycle instruction. • 


HERE 
DECFSZ 
GOTO 


CONTINUE· 


CNT, 
1 
LOOP 


Before Instruction 
PC = address 
HERE 


After Instruction 
CNT=CNT-l 


if CNT = 0, PC = address 
CONTINUE 


~ CNT '" 0, PC = address 
HERE 
+ 
1 


Unconditional 
Branch 


[ label] 
GOTO 
k 


Osks2048 


k -t PC<10:0>, 
(PCLATH<4:3» 
-t 
PC<12:11 > 


None 


~ 
GOTO is an unconditional 
branch. 


The eleven bit immediate 
value is 


loaded into PC bits <10:0>. The up- 
per 
bits 
of PC are 
loaded 
from 


PCLATH <4:3>. GOTO is a two cycle 
instruction. 


GOTO THERE 


After Instruction 
PC = Address of THERE 
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PIC16C74 


INCF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


INCFSZ 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label] 
INCF 
f,d 


0~f~127 
de 
[0,1) 


(f) + 1 ~ (dest) 


Z 


~ 
The contents of register "I" are incre- 
mented. If "d" is 0 the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register "1". 


INCF 
CNT, 
1 


Before Instruction 
CNT = 
OxFF 
Z 
= 
0 


After Instruction 
CNT = 
OxOO 
Z 
= 
1 


Increment 
f. skip if 0 


[label] 
INCFSZ f,d 


O~f~ 
127 
de [0,1) 


(f) + 1 ~ (dest), skip if result = 0 


None 


~ 
1111 I 
dfff 
I 
ffff 
I 


The contents of register "I" are incre- 
mented. If "d" is 0 the result is placed 
in the W register. If"d" is 1 the result 
is placed back in register "1". 


If the result is 0, the next instruction, 
which isalready fetched, is discarded. 
A NOP is executed instead making it 
a two cycle instruction. 


HERE 
INCFSZ 


GOTO 
CONTINUE· 


CNT, 
1 


LOOP 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Inclusive 
OR Literal 
with W 


[label) 
IORLW 
k 


0~k~255 


(W) .OR. (k) ~ (W) 


Z 


~ 
The contents of the W register are 
OR'ed with the eight bit literal "k". The 
result is placed in the W register. 


IORLW 
Ox35 


Before Instruction 
W = Ox9A 


After Instruction 
W = OxBF 


Inclusive 
OR W with f 


[label) 
IORWF 
f,d 


O~f~ 
127 
de [0,1) 


(W) .OR. (I) ~ (dest) 


Z 


~ 
Inclusive OR the W register with reg- 
ister "1". If "d" is 0 the result is stored 
in the W register. If "d" is 1 the result 
is stored back in register "1". 


Before Instruction 
PC = address 
HERE 
After Instruction 


CNT=CNT 
+ 1 
if CNT = 0, PC = address 
CONTINUE 
if CNT c# 0, PC = address 
HERE + 1 


Before Instruction 
RESULT = 
Ox13 
W 
= 
Ox91 


After Instruction 
RESULT = 
Ox13 
W 
= 
Ox93 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Move Literal to W 


[label] 
MOVLW 
k 


0~k~255 


k~(W) 


None 


~ 
The eight bit literal"k" is loaded into W 
register. 


MOVLW 
Ox5A 


After Instruction 


W = 
Ox5A 


Movef 


[label] 
MOVF 
I,d 


0~1~127 
dE [0,1] 


(I)~(dest) 


Z 


~ 
The contents 01register I is moved to 
destination d. II d=O,destination is W 
register. lId = 1, the destination is IiIe 
register I itself. d = 1 is uselul to test 
a IiIe register since status flag Z is 
affected. 


MOVF 
FSR. 
0 


After Instruction 
W = 
value in FSR register 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


MoveWtof 


[label] 
MOVWF 
o ~ I ~ 127 


(W)~(I) 


None 


~ 
Move data lrom W register to register 
"1". 


1 


1 


Belore Instruction 
OPTION 
= OxFF 
W 
Ox4F 


After Instruction 
OPTION 
Ox4F 
W 
Ox4F 


No Operation 


[label] 
NOP 


None 


No operation 


None 


~ 
No operation 
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PIC16C74 


Return 
from 
Interrupt 


[label] 
RETFIE 


None 


TOS~ 
PC, 


1 ~ 
GIE; 


None 


~ 
Return 
from 
Interrupt. 
Stack 
is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en- 
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN- 
TCON<7». 
This is a two cycle 
instruction. 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 
RETFIE 


After Interrupt 
PC 
= TOS 
GIE = 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Return 
Literal 
to W 


[label] 
RETLW 
k 


O$k$255 


k ~ W; TOS ~ 
PC; 


None 


~ 
The 
W register is loaded with the 


eight bit literal Ok". 
The 
program 


counter is loaded from the top of the 
stack (the return address). 
This is a 


two cycle instruction. 


1 


2 


Words: 


Cycles: 


Example: 


CALL 
TABLE; 
W contains 
table 
offset 
value 
W now 
has 
table 
value 


TABLE 
ADDWF 
PC 


RETLW 
kl 
RETLW 
k2 


RETURN 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Before Instruction 


W 
= Ox07 


After Instruction 
W 
= value of k7 


Return 
from Subroutine 


[label] 
RETURN 


None 


TOS ~PC; 


None 


~ 
Return from subroutine. The stack is 
popped and the top ofthe stack (TOS) 
is loaded into the program counter. 
This is a two cycle instruction. 


1 


2 


RETURN 


After Interrupt 
PC = 
TOS 
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Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Rotate 
Left 
f through 
Carry 


[label) 
RLF 
f,d 


O:5f:5 127 
dE [0,1) 


kn> 
~ d<n+1>, k7> ~ C, C ~ 
d<O>; 


C 


~ 
The contents of register "f' are rotated 
one bit to the left through the Carry 
Flag. If "d" is 0 the result is placed in 
the W register. If "d" is 1 the result is 
stored back in register "f'. 
r@ 
register f h 


RLF 
REG1,0 


Before Instruction 


REG1 
= 
11100110 
C 
= 0 


After Instruction 
REG1 
11100110 
W 
= 
11001100 
C 
= 
1 


Rotate 
Right 
f through 
Carry 


[label) 
RRF 
f,d 


0:5f:5127 
dE [0,1) 


kn> 
~ d<n-1>, 
kO> 
~C, 
C ~ d<7>; 


C 


~ 
The contents of register "f' are rotated 
one bit to the right through the Carry 
Flag. If"d" is 0 the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register "f'. 
@ 
registerf b 


RRF 
REG1,0 


Before Instruction 
REG1 
= 
11100110 
C 
= 
0 


After Instruction 
REG1 
11100110 


W 
01110011 
C 
1 


SLEEP 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


SUBLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example 1: 


[label) 
SLEEP 


None 


OOh~WDT, 
o ~ WDT prescaler 
1 ~TO, 
O~PD 


TO,PD 


~ 
The power down status bit (PD) is 
cleared. Time-out status bit (TO) is 
set. Watchdog 
Timer and its pres- 
caler are cleared. 


The processor is put into SLEEP mode 
with the oscillator stopped. See sec- 
tion on SLEEP mode for more details. 


Subtract 
W from Literal 


[label) 
SUBLW k 


0:5k:5255 


k-(W) 
~(W) 


C,DC,Z 


~ 
The W register 
is subtracted 
(2's 


complement method) from the eight 
bit literal "k". The result is placed inthe 
W register. 


SUBLW 
OX02 


Before Instruction 
W 
1 
C 
? 
After Instruction 
W 
1 
C 
1; 
result is positive 


Before Instruction 
W 
3 
C 
? 


After Instruction 
W 
FF 
co; 
result is negative 
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SUBWF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example 1: 


SWAPF 


Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subtract 
W 
from f 


[label] 
SUBWF 
I,d 


O~I~ 
127 
dE 
[0,1] 


(I)-(W) ~ (dest) 


C,DC,Z 


~ 
Subtract (2's complement 
method) 
the W register Irom register T. II "d" 
is 0 the result is stored in the W 
register. 11"d"is 1 the result is stored 
back in register T. 


SUBWF 
REG1,l 
Belore Instruction 
REGl = 0 
W=l 
C=? 
After Instruction 
REGl = FF 
W= 
1 
C = 0 
; result is negative 
Belore Instruction 
REGl = FF 
w=o 
C=? 
After Instruction 
REGl 
= FF 
W=O 
C = 1 
; result is positive 


Swap f 


[label] 
SWAPF 
I,d 


O~I~ 
127 
dE 
[0,1] 


1<0:3> ~ 
d<4:7>, 
1<4:7> ~ 
d<0:3>; 


None 


~ 
The upper and lower nibbles 01regis- 
ter T are exchanged. 
II "d" is 0 the 
result is placed in W register. II "d" is 
1 the result is placed in register T. 


1 


SWAPF 
REG, 
0 


Belore Instruction 
REG = OxA5 


After Instruction 
REG = OxA5 
W 
= Ox5A 


IRIS 
Load IRIS Register 


Syntax: 
Ilabel} 
TRIS 
f 


Operands: 
5~f$7 


Operation: 
W -t TAfS register f; 


StaltlS~ 
Nol'16 


encodil1g: 
1 00 ·IHgooj} I otlO 
, .•Off! I 


Description: 
ThiSlnstn.Jetiotllssupportedfor code 
compatibtlitywitb ltle PIC16C5Xprod- 
ucts. 
Since TRIS registers 
are 
readable and writable. the user can 
directly address ltlem. 


Words: 
1 


Cycles: 
1 


etample: 


Iwlthfuture PlC16CXX products. 
do 
not use this Instruction. 


XORLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Exclusive 
OR literal with W 


[label] 
XORLW 
k 


0~k~255 


(W) .XOR. k ~ (W) 


Z 


~ 
The contents 01 the W register are 
XOR'ed with the eight bit literal Ok". 
The result is placed in the W register. 


Words: 


Cycles: 


Example: 
XORLW 
OxAF 


Belore Instruction 
W = OxB5 


After Instruction 
W = 
OxlA 
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Syntax: 


Operands: 


Operation: 


Status Affected 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Exclusive OR W with f 


[label] 
XORWF 
f,d 


0:5f:5128 
dE [0,1] 


(W) .XOR. (f) ~ (dest) 


Z 


~ 
Exclusive OR the contents of the W 
register with register T. 
If "d" is 0 the 
result is stored in the W register. If "d" 
is 1the result is stored back in register 
T. 


1 


1 


XORWF 
REG, 
1 


Before Instruction 
REG 
= OxAF 
W 
= OxB5 


After Instruction 
REG 
Ox1A 
W 
= OxB5 
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16.1 
Development Tools 


The PIC16C5X and PIC16CXX 
microcontrollers 
are 


supported with a full range of hardware and software 
development tools: 


PICMASTERTM Real-Time In-Circuit Emulator 
PRO MATETMUniversal Programmer 
PICSTARTTMLow-Cost Prototype Programmer 


• 
Assembler 


• 
Software Simulator 


16.2 
PICMASTERTM:High Performance 
Universal In=Circuit Emulator 


The PICMASTER 
Universal In-Circuit Emulator is in- 


tended to provide the product development 
engineer 


with a complete microcontroller 
design tool set for all 


microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 


PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 


allows 
expansion 
to support 
all 
new 
PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 
machines 
ranging from 80286-AT" 
class 


ISA-bus systems through the new 80486 
EISA-bus 


machines. 
The development 
software 
runs in the 


Microsoft WindowS- 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER 
has been designed as a real-time 


emulation 
system with advanced 
features 
generally 


found on more expensive development tools. The AT 
platfonn and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


Common Interface Card 
PC Compatible 
Computer 


(AT~SA Bus) (for Industry Standard Architecture) 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


Host-Interface Card 


Emulator Control Pod 
• 
Target-Specific 
Emulator Probe 


• 
PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. 
With this 


feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 


development of multi-microcontroller 
systems possible 


(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


16.3 
PRO MATETM;Universal programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable 
Voo and VPp sup- 


plies which allows it to verify programmed memory 
at 


Voo min and Voo max for maximum reliability. It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. 
It is ideal for low to moderate 


volume production. 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection offuse configuration and part type, easy selec- 
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. 
Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, 
serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular 'programming 
socket 
module'. 
Different socket modules are required for 
different 
processor 
types 
and/or 
package 
types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


16.4 
PICSTARTTMProgrammer 


The PICSTARTTM programmer is an easy to use, very 
low-cost prototype programmer. 
It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface isfull-screen and menu- 
based. 


16.5 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. It 
supports 
all 
microcontroller 
series 
including 
the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development 
tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 
assembled code. 


• 
Macro Directives 
control the execution and data 
allocation within macro body definitions. 


16.6 
Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. 
The inpuVoutput 
radix can be set by the user and the execution can be 
performed in single step, execute until break or ina trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


16.7 
Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-1: 


TABLE 16-1: DEVELOPMENTSYSTEM 
PACKAGES 


Item 
Name 
SystemDescription 


1. 
PICMASTER"" 
PICMASTERIn-CircuitEmulator 
System 
with your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTART"" 
PICSTART""Low-CostPrototype 
System 
Programmer,Assembler,Software 
Simulatorand Samples 


16.8 
probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE-16F 
PIC16C74 
10 MHZ I 4.5V - 5.5V 


[Pll'®~imilri)©lll'~ 
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PIC16C74 
AD50lUle 
MaXimum 
"a1ln95 
' 


Ambient temperature under bias 
-55 to+ 125'C 


Storage Temperature 
- 65'C to +150'C 


Voltage on any pin with respect to Vss (except Voo and MCI.R ) 
-o.6V to Voo +O.6V 


Voltage on Voo with respect toVss 
0 to +7.5 V 


Voltage on MaR 
with respect to Vss (Note 2) 
0 to +14 V 
Total power Dissipation (Note 1) 
1.0 W 


Maximum Current out of Vss pin 
300mA 


Maximum Current into Voo pin 
250mA 


Input clamp current, 
11K (VI<Oor VI> Voo) 
±20mA 


Output clamp current, 10K (VO<0 or VO>Voo) 
±20mA 


Maximum Output Current sunk by any 1/0 pin 
25mA 


Maximum Output Current sourced by any 1/0 pin 
25mA 


Maximum Current sunk by Port A. Port B, and Port E (combined) 
200mA 


Maximum Current sourced by Port A, Port B, and Port E (combined) 
200mA 


Maximum Current sunk by Port C and Port D (combined) 
200mA 


Maximum Current sourced by Port C and Port D (combined) 
200mA 


Notes: 
1. 
Power dissipation is calculated as follows: Pdis = Voo x (Ioo - L loh) + L ((Voo-Voh) x loh) + L(Vol x 101) 


2. 
Voltage spikes below Vss at the MCI.R pin. inducing currents greater than 80mA. may cause latch-up. Thus. 


a series resistor of 50-1oon should be used when applying a 'low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 


t NOnCE: 
Stresses 
above those 
listed under 
•Absolute 
Maximum 
Ratings· 
may cause 
permanent 
damage 
to the device. 
This is a stress rating only and functional 
operation 
of the 
device at those or any other conditions 
above those indicated 
in the operation 
listings of this 


specification 
is not implied. 
Exposure to maximum 
rating conditions 
for extended 
periOds may 


affect 
bility. 
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18.1 
DC CHARACTERISTICS: PIC16C74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating temperature 
-4O·C 
::;TA::; + 125·C for automotive, 


-40·C 
::;TA::; + 85·C for industrial and 


O·C 
::;TA::; +70'C for commercial 
Operating voltage 
Voo = 4.0V 
to 6.0V 


PowerDownCurrent 
(Note 3, 5) 


HS osc configuration 
Fosc = 20 MHz,Voo= 5.5V (PIC16C74-20) 


42 
llA 
21 
llA 
24 
llA 
TSD 
llA 


Voo= 4.0V,WDT enabled,-40'Cto t85'C 
Voo= 4.0V,WDT disabled,O·Cto t70'C 
Voo= 4.0V.WDT disabled,-40'Cto t85'C 
Voo=4.0V.WDT disabled,-40·Cto t 125·C 


• 
These par~ars 
ch 
t : Data in 'Tv. 
c~n 
s 
not tested. 


Notes: 1. This is th 
imit to which Voo can be lowered in SLEEP mode without losing RAM data. 


2. 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattem, and temperature also have an 
impact on the current consumption. 
The test conditions for all 100 measurements in active operation mode are: 


OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Voo, RT = Voo, MCI..A = Voo; WDT 
enabled/disabled 
as specified. 
3. 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Voo and Vss. 


4. 
For RC osc configuration, current through Rext is not included. 
The current through the resistor can be 
estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
5. 
Timer1 oscilator (when enabled) adds approximately xmA to the specification. 
This value is from character- 
ization and is for design guidance only. This is not tested. 


cterized but not tested. 
,25'C unless otherwise stated. These parameters are for design guidance only and are 
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Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 


Operating temperature 
-40'C 
:!>TA :!>+ 12S'C for automotive, 


-40'C 
:!>TA:!>+ 8S'C for industrial and 


O'C 
:!>TA:!>+70'C for commercial 


Operating voltage 
voo = 2.SV to 6.0V 


Characterlsllc 
Sym 
Min 
Typ t 
Max 
Unlls 
Condillons 


Supply Voltage 


Voo 
2.S 
6.0 
V 
XT, RC and LP osc config 


4.S 
S.S 
V 
HS osc configuration 


RAM Dala Relenllon 
VOR 
l.S 
V 
Device in SLEEP m 


Vollage 
(Note 1) 


Voo start voltage 
10 
VPOR 
Vss 
V 


guaranlee 
Power-On 
Resel 


Voo rise rate 10 guarantee 
Svoo 
O.OS" 
Vlms 
Power-On 
Resel 


Supply 
Currenl 
(Nole 2, 5) 


100 
2.7 
S 


22.S 
48 


Power 
Down Currenl 


(Nole 3, 5) 


Ipo 
DO= 3.0V, WDT enabled, -40'C to t8S'C 


Voo = 3.0V, WDT disabled, 
O'C to t70'C 


Voo = 3.0V, WOT disabled, 
-40'C to t8S'C 


Voo = 3.0V, WOT disabled, 
-40'C to t 12S'C 


" 
These parameters are characterized but not 
st 


t: Data in 'Typ' column is at SV, 2S'CSS2othe 
's 
stated. These parameters are for design guidance only and are 
not tested. 


Notes: 1. 
This is the limit to 
ic 
lowered in SLEEP mode without losing RAM data. 


2. 
The supply cur 
ain 
a 
nction of the operating voltage and frequency. 
Other factors such as I/O pin 


loading an 
~i 
a 
scillator type, intemal code execution pattem, and temperature also have an 
impact on 
e Clfrn 
c 
sumption. 


The t 
t co 
. 'on 
or all 100 measurements in active operation mode are: 


o 
1~e 
al s uare wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MCLR = Voo; 


WD 
na 
ed/disabled as specified. 
3. 
The po 
r 
own current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Voo and Vss. 


4. 
For RC osc configuration, current through Rext is not included. 
The current through the resistor can be 


estimated by the fomnula Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
S. 
Timer1 oscilator (when enabled) adds approximately xmA to the specification. 
This value is from character- 


ization and is for design guidance only. This is not tested. 
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18.3 
DC CHARACTERISTICS: 
PIC16C74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16lC74-04 
(COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Input Low Voltage 
110ports 
- with ill buffer 
- with Schmitt Trigger buffer 


MCLF, RMfTOCKl,OSCl 
(in RCmode) 
OSCl (in XT, HS and LP) 


Input High Voltage 
I/O ports 
- with TTL buffer 
- w~h Schmitt Trigger buffer 


MCLF 
RA4fTOCKI,RC<7:4>, RO<7.4>, 


RE<2:0>, OSCl (XT, HS and LP) 
PortB weak pUll-up current 


Input Leakage 
Current 


(Notes 2, 3) 
I/O ports 


MCLF, RA4fTOCKI 
OSCl 


Output Low Voltage 
I/O Ports 


All I/O pins and OSC2 
(in RC mode) 
SCL, SDA in I'C mode 


Standard Operating Conditions (unless otherwise stated) 
Operating 
temperature 
-40'C 
~ TA ~ +12S'C 
for automotive, 


-40 ~ TA ~ +85'C 
for industrial 
and O'C ~ TA ~ +70'C 
for commercial 
Operating 
voltage 
Voo range as described 
in DC spec tables 
14.1 and 14.2 


Sym 
Min 
Typ t 
Max 
Units 
Conditions 


VIL 
Vss 
Vss 


Vss 


Vss 


VIH 
2.0 
0.8Voo 


0.8Voo 


0.7 Voo 


IpURB 
SO 


IlL 


0.8V 
V 
0.2Voo 
V 


0.2 Voo 
V 


Vss ~ VPIN~ Voo, Pin at hi-impedance 


Vss ~ VPIN~ Voo 
Vss ~ VPIN~ Voo , XT, HS and LP osc 
configuration 


10L= 8.S mA, Voo = 4.SV, -40'C to +8S'C 
10L= 7.0 mA, Voo = 4.SV, -40'C to +12S'C 
10L= 1.6 mA, Voo = 4.SV, -40'C to +8S'C 
10L= 1.2 mA, Voo = 4.SV, -40'C to +12S'C 


V 
10H= -3.0 mA, Voo = 4.SV, -40'C to +8S'C 
V 
10H= -2.S mA, Voo = 4.SV, -40'C to +12S'C 
V 
10H= -1.3 mA, Voo = 4.SV, -40'C to +8S'C 
V 
10H= -1.0 mA, Voo = 4.SV, -40'C to +12S'C 


pF 
In XT,HSand LP modeswhen 
extemalclock is usedto drive OSC1. 


t: Data in 'Typ' 
column 
is at SV, 2S'C unless otherwise 
stated. 
These 
parameters 
are for design 
guidance 
only and are 


not tested. 


Notes: 
1. 
In RC oscillator 
configuration, 
the OSCl 
pin is a Schmitt 
trigger 
input. 


It is not recommended 
that the PIC16C74 
be driven with extemal 
clock in RC mode. 


2. 
The leakage 
current on the MCLR pin is strongly 
dependent 
on the applied voltage 
level. The specified 
levels 


represent 
normal operating 
conditions. 
Higher leakage 
current 
may be measured 
at different 
input voltages. 
3. 
Negative 
current 
is defined 
as coming 
out of the pin. 
4. 
The user may use better of the two specs. 
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18.4 
Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2ppS 
3. Tcc:st 
(FC specifications only) 


2. TppS 
4. Ts 
WC specifications only) 


pp 


cc 
CCP1 


ck 
CLKOUT 


cs 
CS 


di 
SDI 


do 
SOO 


dt 
Data in 


io 
1/0 port 


mc 
MCLR 


os 
OSC1 


rd 
RD 


rw 
RDorWR 


sc 
SCK 


ss 
SS 


to 
TOCKI 


t1 
T1CKI 


wr 
WR 


F 


H 
I 


L 


I'C only 


AA 


BUF 


Fall 


High 


Invalid (Hi-impedence) 


Low 


P 
Period 


R 
Rise 


V 
Valid 


Z 
High Impedence 


High 
High 


Low 
Low 


output access 


Bus free 


DAT 


STA 


DATA input hold 


START condition 


0.7 
Voo XTAL (H' h) 


~ 
~:: 
~:::~AL 
(L~:) 
0.15VooRC 


OSC1 MEASUREMENT POINTS 
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PIC16C74 


18.5 
Timing 
Diagrams 
and 
Specifications 


External 
Clock 
Timing 


Q4 
01 
02 
03 
Q4 
01 


OSC1 
, 
, , 


--"':~4 
,, 
2 
., 


CLKOUT 
\ 
/ • 


External 
Clock 
Timing 
Requirements 


Parameter 
Sym 
Characterlsllc 
Mln 
Typ t 
Max 
No. 


Fos 
External CLKIN Frequency 
DC 
4 
c mode 


(Note 1) 
DC 
4 
de (PIC16C74-04, 


C64-04) 


osc mode (PIC16C74-20) 


LP osc mode 


Oscillator Frequency 
RC osc mode 


(Note 1) 
XTosc 
mode 


HS osc mode (PIC16C74-04 


PIC16LC64-04) 


MHz 
HS osc mode (PIC16C74-20) 


KHz 
LP osc mode 


Tos 
External CLKIN Period 
ns 
XT and RC osc mode 


(Note 1) 
ns 
HS osc mode (PIC16C74-04, 


PIC16LC64-04) 


50 
ns 
HS osc mode (PIC16C74-20) 


50 
!JS 
LP osc mode 


250 
ns 
RC osc mode 


250 
10,000 
ns 
XTosc 
mode 


250 
1,000 
ns 
HS osc mode (PIC16C74-04 


PIC16LC64-04) 


50 
1,000 
ns 
HS osc mode (PIC16C74-20) 


5 
!JS 
LP osc mode 


2 
Tcy 
In 
ructlon Cycle Time (Note 1) 
1.0 
4/F 
DC 
!JS 


3 
TosL, 
Clock in (OSC1) High or Low Time 
50 
ns 
XT oscillator 


TosH 
2.5 
!JS 
LP oscillator 


20 
ns 
HS oscillator 


4 
TosR, 
Clock in (OSC1) Rise or Fall Time 
25 
ns 
XT oscillator 


TosF 
50 
ns 
LP oscillator 


25 
ns 
HS oscillator 


t: 
Data in "Typ' column is at SV, 2S'C unless otherwise stated. 
These parameters 
are for design guidance only and are not tested. 


Note 1: 
Instruction 
cycle period (Tcy) equals four times the input oscillator 
time base period. 
All specified 
values are based on 


characterization 
data for that particular oscillator type under standard 
operating conditions with the device executing 
code. 


Exceedingthese 
specified limits may result in an unstable oscillator operation and/or higher than expected current consumption. 


All 
devices 
are 
tested 
to 
operate 
at 
'min.' 
values 
with 
an 
external 
clock 
applied 
to 
the 
OSC1 
pin. 


When an external clock input is used, the 'Max.' 
cycle time limit is "DC' (no clock) for all devices. 
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: 11 : 
H 
: 
' 


CLKOUT 
and 
110 Timing 
Requirements 


Parameter 
Sym 
Characteristic 
Typt 
Max 
Units 
Conditions 
No. 


10 
TosH2ckL 
15 
30 
ns 
11 
TosH2ckH 
15 
30 
ns 
12 
TckR 
5 
15 
ns 
13 
TckF 
5 
15 
ns 
14 
Tckl2ioV 
0.5Tc +20 
ns 
15 
TioV2ckH 
0.25 Tcy+25 
ns 
mode) 


16 
Iter 
0 
ns 
i (RC mode) 


17 
S 
1i (01 cycle) to Port out valid 
TBD 
ns 


18 
o C1i (02 cycle) to Port input 
TBD 
ns 


invalid (I/O in hold time) 


19 
Port input valid to OSC1 
TBD 
ns 


(I/O in setup time) 


20 
TioR 
Port output rise time 
10 
25 
ns 


21 
TioF 
Port output fall time 
10 
25 
ns 
. These parameters are characterized but not tested. 
t: 
Data in 'Typ' column is at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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Watchdog 


Timer 
RESET 


Voo J 
YJ 


\~~rS 


:.- 
30 ---.: 


:4-- 
33~' 


, 


\~~r 
----31 
t, 


idth low) 


te dog 
er Timeout Period 


resealer) 


32 
. ation Start-up Timer Period 


33 
Tpwrt 
Power up Timer Period 


• 
These 
parameters 
are characterized 
but not tested. 
t : Data in 'Typ' column is at 5V. 25'C unless otherwise 
stated. 
These parameters 
are for design guidance 
only and are 
nollesled. 


Voo = 5V. -40'C to +125'C 


lose = aSC1 period 


Voo = 5V, -40'C 10 +125'C 


18 


1024 lose 


72 
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PIC16C74 


! 
\ 
/ 
----- 
, 
, ,------, 
' 
I 
I 
I 
I 
I 
:- 
40 ----..: 
_ 
41 _ 
: 


I 
' 
I 
I 
I 


o 
, 


o 
, 


:.. 
42 
-: 


TimerO and Timer1 Clock Requirements 


Parameter 
Sym 
Characteristic 
Typt 
Max 
Units 
Condilions 
No. 


40 
TtOH TOCKI High Pulse Width 
.5 TCY + 20' 
ns 


10' 
ns 


41 
TtOL TOCKI Low Pulse Width 
0.5 TCY + 20' 
ns 


10' 
ns 


42 
TtOP TOCKI Period 
Tcy + 40' 
ns 
Where N = prescale 


-N- 
value (2, 4, ..., 256) 


45 
Tt1H 
s, No Prescaler 
0.5Tcy + 20 
ns 


Sync 
onous, With Prescaler 
10' 
ns 


synchronous 
2 Tcy 
ns 


46 
Synchronous, 
No Prescaler 
0.5Tcy + 20' 
ns 


Synchronous, 
With Prescaler 
10' 
ns 


Asynchronous 
2 Tcy 
ns 


47 
Synchronous 
Tcy+ 40' 
ns 
N=prescale value 


N 
(1,2,4,8) 


Asynchronous 
4Tcy 
ns 


Ftl 
Timerl 
oscillator input frequency range 
DC 
200 
KHz 


(oscillator enabled by setting the Tl0SCEN 
bit) 
. These 
parameters 
are characterized 
but not tested . 


t: 
Data in 'Typ' 
column 
is at 5V, 25°C unless 
otherwise 
stated. 
These 
parameters 
are for design 
guidance 
only and 


are not tested. 
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RC11T1CKO/CCP2 
and RC2ICCP1 
(Capture Mode) 


I 
I 
I 
I 
I 
I 
I 
I 
:__ 
50 -.: 
:-- 
51 


I 
I 
I 
:_ 
52 


RC1fT1CKO/CCP2 
and RC2ICCP1 
(Compare or 
PWM Mode) 


Parameter 
Sym 
Min 
Typt 
Max 
Units 
No. 


50 
TeeL 
0.5 Tey + 20 
ns 


10 
ns 


51 
0.5 Tey + 20 
ns 


10 
ns 


52 
Tey + 40 
ns 
--N- 


53 
10 
25 


54 
10 
25 


N = preseale value 


(4 or 16) 
ns 
ns 


• 
These parameters are characterized but not tested. 


t: Data in "Typ" column is at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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RE2IeS 
\ 
/ 
LJ 
: 
: 


Parameter 
Mln 
Typt 
Max 
Units 
Conditions 


No. 


62 
20 
ns 


63 
20 
ns 


64 
40 
ns 
65 
10 
30 
ns 


t : Data in 'Typ' column is at 5V.25'C unless otherwise stated. These parameters are for design guidance only and 


are not tested. 
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SCK 
(CKP=O) 


:•. 
70-....: 
.,,, 
,,, , 


...•..: :... 79 
, , 


, 
', 


I 
I I 
' 
, 
I 
I 
' 
:..••. 71 .: 
:---- 72 .: 


I 
I, 
' 
, 
, 
: 
' 
, 
SCK 
(CKP=1) 


, 
,., , 
79 ...: 
:... 
, , 


----<t, 
i ),>-----'---< 


-.:-.:.- 
74 


I 
73 
:-, 


SPI Mode Requirements 


Parameter 
Sym 
Typt 
Max 
Units 
Conditions 
No. 


70 
TssL2scH, 
Tcy 
ns 
TssL2scL, 
71 
TscH 
Tcy + 20 
ns 


72 
TscL 
Tcy + 20 
ns 


73 
Tdi 
Tcy 
ns 
Tdi 
74 
TscH2 'I, 
0.5Tcy 
ns 
TscL2dil, 


75 
TdoR 
10 
25 
ns 
76 
TdoF 
10 
25 
ns 
77 
TssH2doZ 
10 
50 
ns 


78 
TscR 
10 
25 
ns 


79 
TscF 
10 
25 
ns 


t: Data in 'Typ' column is at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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'---,--J 
START 
Condition 


Only relevant for repeated 


START condition 


After this period the 


first clock pulse is generated 
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- 
~ 
Pi<; 1~4inust 
operate at a 
/ 
of 1.5 MHz 
A. 
\Ls',>P!Cft;C74 
must operate at a 
( 
" 
\ 
• Ailiilimum 
of 10 MHz 
1.5TI"V 
).." 
\ 
~~g 
I~',>V 11S 


93~ 
:--- 


~ 


- 
- 


SCl 
N 
~ 
-,- 
so;+- 
,, 


-.: 
81 
:+ 
SDA 
- 
/ 
IN 
\ 


-.: 
99 :.- 


SDA X X X X X X X X X X X'* 
OUT 


:"'-90~/ 
t- 


917 
96:--: 
: 
~197 
, 


X 


:"'-99~ 
, 
, 


SSP Module 
100 KHz mode 


SSP Module/, 
.~.5Ncy.." 
- 
92 
TR 
SDAand 
SCL 
100 KHz [l'lOde 
"')"v 
1000 
ns 
rise time 
4ooK~~~~Cb 
300 
ns 


93 
TF 
SDAand 
SCL 
1M-KHz mmle 
I> 
- 
300 
ns 
fall time 
/~~v 
20+O.1Cb 
300 
ns 


80 
TSU:STA START c~~oo 
100XWmode 
4.7 
- 
11S 
setup tiroa.. 
~ 
,,*,z mode 
0.6 
- 
us 
81 
THD:STA STA~~n<)iti~ 
106KHz mode 
4.0 
- 
11S 
hold ti 
~"""'- ~oo KHz mode 
0.6 
- 
us 
96 
THD:DAT~\ 
"V 
100 KHz mode 
0 
- 
ns 
/ 
RQld . 
400 KHz mode 
0 
0.9 
us 
97 
Tsu:~I~~~.puY 
100 KHz mode 
250 
- 
ns 
se 
time 
400 KHz mode 
100 
- 
ns 
82 
TSU:STO ~ 
condition 
100 KHz mode 
4.7 
- 
us 
setuD time 
400 KHz mode 
0.6 
- 
us 
99 
TAA 
Output valid 
100 KHz mode 
- 
3500 
ns 
from clock 
400 KHz mode 
- 
- 
- 


100 
TSUF 
Bus free time 
100 KHz mode 
4.7 
- 
us 
400 KHz mode 
1.3 
11S 
- 
Cb 
Bus capacitive loading 
- 
400 
pF 


'-----------f 


,,-:82:- 


-~~~~~~~ 
~ 
100--": 


.1\(\ 
~~\ 


Units / 0 ~diti6ns 


PIC16C74 must operate at a 
minimum of 1.5 MHz 
PIC16C74 must operate at a 
minimum of 10 MHz 


Cb is specified to be from 
10-400 DF 


Cb is specified to be from 
10-400 pF 
Only relevant for repeated 
START condition 
After this period the 
first clock Dulse is aenerated 


Time the bus must be free 
before a new transmission can 
start 


Note 1: 
As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 


2: 
A fast-mode I'C-bus device can be used in a standard-mode 
I'C-bus system, but the requirement tsu;DA 1>-250ns must then 
be met. This will automatically 
be the case if the device does not stretch the LOW period of the SCL signal. 
If such a device 
does stretch the LOW period olthe SCLsignal, it must outputthe next data bitto the SDA Iinet" max.+tsu;DAT =1000+250=1250ns 
(according to the standard-mode 
I'C bus specification) 
before the SCL line is released. 
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SCI Module: Synchronous Transmission (Master/Slave) Timing 


RA5rrXl~i~ ----f, 


~~ 


\---: ---~/ 
~;'-112 


RA4/RXI~~ 
X_: 
, 


~ 
j4- 
110 


110 
tckH2dtV 


111 
tckrf 


SYNC XMIT (MASTER & SLAVEl 


Clock high to data out valid 


Clock out rise time and fall time 
ns 


(Master Mode) 


Data out rise time and fall ti 
ns 


t: 
Data in 'Typ' column is at 5V. 25°C unIe 
and are not tested. 


RA5rrXJCK 
pin 


RA4/RXIDT 
pin 


Parameter 
Sym 
Characteristic 
Min 
Typt 
Max 
Units 
Conditions 
No. 


SYNC RCV (MASTER & SLAVEl 


115 
tdtV2ckL 
Data hold before 
15 
- 
- 
ns 
CK ,l. (DT setup time) 


116 
tckL2dt1 
Data hold after 
15 
- 
- 
ns 
CK ,l. (DT hold time) 


t: 
Data in 'Typ' column is at 5V. 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
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18.6 
AID CONVERTER 
PIC16C6XnX-04 
(COMMERCIALIINDUSTRIAL, 
AUTOMOTIVE) 
CHARACTERISTICS: 
PIC16C6XnX-20 
(COMMERCIAL/INDUSTRIAL, 
AUTOMOTIVE) 
PIC16LC6xnX-04 
(COMMERCIAl/INDUSTRIAL, 
AUTOMOTIVE) 


Parameter 
Sym 
Characteristic 
Min 
Typt 
Max 
Units 
Conditions 
No. 


NR 
Resolution 
8 bits 
VREF= Voo = 512V, Vss $ Ain $ VREF 


NINT 
Integral error 
less than 
VREF= Voo = 512V, Vss $ Ain $ VREF 


±1 LSB 


NOIF 
Differential 
error 
less than 
• 


±1 LSB 


NFS 
Full scale error 
less than 
ss $ Ain $ VREF 


±1 LSB 


NOFF 
Offset error 
less than 


±1 LSB 


Monotonicily 
guaranteed 


VREF 
Reference voltage 
3.0V 


VAIN 
Analog input voltage 
Vss-O.3 


ZAIN 
Recommended 


impedance 
of analog 


voltage source 


lad 
ND conversion 
current 
IJlI 
Average current 
consumption 
when 


(Voo) 
ND is on. (Note 2) 


IREF 
VREFinput current 
mA 
During sampling 


(Note 3) 
IlA 
All other times 


t 
ed. 


erwise 
stated. 
These 
parameters 
are for design 
guidance 
only 
and 


ore 
source impedance 
is smaller (or higher). 
Also note that sampling 
begins after 


c 
pleted. 
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PIC16C74 


18.7 
AID CONVERTER 
PIC16LC6XflX-04 
(COMMERCIAL/INDUSTRIAL, 
AUTOMOTIVE) 


CHARACTERISTICS: 


Parameter 
Sym 
Characteristic 
Mln 
Typt 
Max 
Units 
Conditions 


No. 


NR 
Resolution 
8 bits 


NINT 
Integral error 
less than 


±1 LSB 


NOIF 
Differential error 
less than 


±1 LSB 


NFS 
Full scale error 
less than 


±1 LSB 


NOFF Offset error 
less than 


±1 LSB 


Monotonicity 
guaranteed 
- 


VREF 
Reference voltage 
3.0V 


VAIN 
Analog input voltage 
Vss-O.3 


ZAIN 
Recommended 


impedance of analog 


voltage source 


lad 
NO conversion 
current 
Ill! 
Average current consumption 
when 


(Voo) 
NO is on. (Note 2) 


IREF 
VREFinput current 
mA 
During sampling 


(Note 4) 
IlA 
All other times 


• 
These 
parameters 
are charac 


t : Data in 'Typ' 
column 
is at 5V, 
are not tested. 


Note 1: 
Sampling time m 
2tad delay afte 
Note 2: 
When NO' 
'o!f,-.\t 


any such 
akWfr 


Note 3: 
VREFcurren 
. fr 


t 
sted. 


s 
therwise 
stated. 
These 
parameters 
are for design 
guidance 
only and 
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BSF ADCON, GO ~ 


Q4 
~:~ 
_(t_~_) 
121_, 
~ 


---l 
~ 
_ 
120:_ 


AID Conversion 
Requirements 


Parameter 
8ym 
Characteristic 


No. 


ADGS1.0 = 00 (for tose ~ 1 lJS) 


ADGS1.0 = 01 (for tose ~ O,25lJS) 
ADSG1.0 = 10 (for tose ~ 50 ns) 
ADSG1.0 = 11 (RG oscillator source) 
PIG16LG74 
PIG16G74 


The minimum 
time 
is the amplifier 


settling 
time. 
This 
may be used of 


the 'new' 
input 
voltage 
has not 
changed 
by more 
than 
1 Lsb 
(Le. 20m V @ 5.12V) 
from 
the last 


sampled 
voltage 
(as stated 
on 


CHQlO)' 


These 
parameters 
are characterized 
but not tested. 
t: 
Data 
in 'Typ' 
column 
is at 5V, 25'C 
unless 
otherwise 
stated. 
These 
parameters 
are for design 
guidance 
only and 


are not tested. 
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20.1 package Marking Information 


44L PLCC 


o 


PIC16C74-04 
P126 
O~=:. 


o 


Microchip part number information 
Customer specific information· 


Year code (last 2 digits of calendar year) 
Week code (week of January 
1 is week '01') 


Facility code of the plant at which wafer is manufactured 
C = Chandler, Arizona, U.S.A. 


D 
Mask revision number 


E 
Assembly code of the plant or country or origin in which 
part was assmebled 


Note: 
In the event the lull Microchip part number can not be marked on one line, it will be 
carried over to the next line thus limiting the number of available 
characters 
for 
customer specific information. 


Standard OTP marking consists of Microchip part number, year code, week code, facility 
code, mask rev#, and assembly code. ForOTP marking beyond this, certain price adders 
apply. 
Please check with your Microchip Sales Office. 
For OTP devices, any special 
marking adders are included in OTP price. 


MM 
M 
XX 
X 


AA 
SS 


C 
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The following 
are the list of modifications 
over the 
PIC16C5X microcontroller family: 


1. 
Instruction word length is increased to 14 bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 


2. 
A PC high latch register (PCLATH) is added to 
handle program memory paging. 
PA2, PA1, PAO 
bits are removed from status register. 


3. 
Data memory paging is redefined slightly. Status 
register is modified. 


4. 
Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 


Two instructions 
TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5x. 


5. 
OPTION and TRIS registers are made addressible. 


6. 
Interrupt capability is added. 
Interrupt vector is at 
0004h. 


7. 
Stack size is increased to 8 deep. 


8. 
Reset vector is changed to OOOOh. 


9. 
Reset of all registers is revisited. 
Five different 
reset (and wake-up) types are recognized. Regis- 
ters are reset differently. 


10. 
Wake up from SLEEP through interrupt is added. 


11. 
Two separate timers oscillator start-up timer (OST) 
and power-up timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


12. 
PortB has weak pull-ups and interrupt on change 
feature. 


13. 
RTCC pin is also a port pin (RM) 
now. 


14. 
FSR is made a full eight bit register. 


15. 
'In system programming' 
is made possible. 
The 
user can program PIC16CXX devices using only 


five pins: Voo, Vss, MCLRNpp, RB6 (clock) and 
RB7 (data in/out). 


16. 
PCON status register is added with a Power-on- 
Reset (PaR) status bit. 


17. 
Code protection scheme is enhanced such that 
portions of the program memory can be protected, 
while the remainder is unprotected. 


To convert code written for PIC16C5Xto PIC16CXX, the 
user should take the following steps: 


1. 
Remove any program memory page select opera- 
tions (PA2, PA1, PAO bits) for CALL, GOTO. 


2. 
Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


3. 
Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them. 


4. 
Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


5. 
Change reset vector to OOOOh. 
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4 
Assembler 
109 
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41 
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41 
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95 
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8 
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14 
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9 
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I/O Ports 
21 
I/O programming considerations 
29 
IRP bit 
11 
Master Clear (MClR) 
86 
OBF bit 
27 
One-Time-Programmable 
(OTP) 
4 
OPTION register 
13 
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83 
Oscillator start-up timer (OST) 
61 
Package types 
1.3 
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_ 
129 
Parameter measurement information 
114 
PCl register 
19 
PCLATH register 
19 
PCON register 
16 
PD bit 
11.86.87 


PICMASTERTM Universal In-Circuit Emulator 
108 
PICSTARTTM 
109 
PIE1 register 
10. 15 
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PIR1 register 
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PORTA 
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PORTB 
23.24 
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25 
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PORTE 
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Power down mode (SLEEP) 
94 
• 
Power-On Reset (PaR) 
82 
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PR2 register 
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Register file map ............•.................................... 
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93 
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Connect world wide to the Microchip BBS using the 
CompuSserve communications network. In most cases 
a local call is your only expense. 
The Microchip BBS 


connection 
does not use CompuServe 
membership 


services, therefore 
you 
do not 
need CompuServe 


membership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local CompuServe 


agent for details if you have a problem. 
CompuServe 


services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8 bit, No parity, and One stop 


(8N1). 
This is not the normal CompuServe setting 


which is 7E1. 


3. 
Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 


nected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
berclosestto 
you, set your modem to 7E1 and dial (800) 


848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. 
After the system responds with Hos t 


Name:, type 


NETWORK<ENTER> 
and follow CompuServe's direc- 


tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PIC is a registered 
trademark 
of Microchip 
Technology 


Incorporated 
in the U.S.A. 


The Microchip logo and name are trademarks 
of Microchip 


Technology 
Incorporated. 


PICMASTER, 
PRO MATE, and PICSTART are trademarks 


of Microchip Technology 
Incorporated. 


ACCESS.bus 
is a trademark 
of the ACCESS. bus Industry 


Group. 


I"C is a trademark of Phillips Corporation. 


IBM PC is a registered trademark 
of IBM Corporation. 


MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 


CompuServe 
is a registered trademark of CompuServe 
Inc. 


All other trademarks 
mentioned 
herein are the property of 


their respective companies. 
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PIC16C74 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO•• xx X /XX xxx-q 


3-Digij Pattern Code for OTP/SOTP (factory specified) 
(blank for OTP and Windowed Parts) 


P 
= 
PDIP (600 mil) 
L 
= 
PLCC 
PO = 
MOFP (Metric POFP) 
IN 
= CerOlP (600 mil) 


Examples: 
a) PIC16C74 - 04IP 
= Commercial temp., 
DIP (600 mil) package, 
4 MHz, standard Voo limijs, 
OTPpart 
b) PIC16C74 - 04UPQ462 
= Industrial temp., 
MQFP package, 4 MHz, 
standard V DO limits, 
pattem #462 
(OTP or SQTP parts) 


0' C tl +70'C (T for tape/reel) 
I 
-40' C tl +85'C (S for tape/reel) 
E 
-40'C 
tl +125'C 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended worikarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate Literature Center 
U.S. FAX: (602) 786-7277 
3. 
The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include Lijerature #) you are using. 


For latest version information and upgrade kijs for Microchip Development Tools, please call 1-800-755-2345 or Hl02-786-7302. 
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PIC16C84 


FEATURES 


High Performance 
RISC-lIke CPU 


Only 35 single word instructions to leam 
All instructions single cycle (4oons) except for pro- 
gram branches which are two-cycle 
Operating speed: 
DC - 10 MHz clock input 
DC - 400ns instruction cycle 
14-bit wide instructions 
8-bit wide data path 
1024 x 14 on-chip EEPROM program memory 
36 x 8 general purpose registers (SRAM) 
15 special function hardware registers 
64 x 8 EEPROM data memory 
Eight-level deep hardware stack 
Direct, indirect and relative addressing modes 
Four interrupt sources: 
- 
ExtemallNT 
pin 


- 
TMRO timer overflow 


- 
PORTB<7:4> interrupt on change 


- 
Data EEPROM write complete 
1,000,000 ERASElWRITE cycles (Typical) 
Data Retention >40 years 


Peripheral 
Features 


• 
13 I/O pins with individual direction control 
• High current sink/source for direct LED drive 


- 
25mA sink max. per pin 
- 
20mA source max. per pin 
• TMRO: 8-bit real time clock/counter with 8-bit 
programmable prescaler 


Special 
Mlcrocontroller 
Features 


• Power-On Reset 
• Power-up Timer 
• Oscillator Start-up Timer 
• Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 
• Security EEPROM fuse for code-protection 
• Power saving SLEEP mode 
• User selectable oscillator options: 
- RC oscillator: RC 
- CrystaVresonator: XT 
- High-speed crystaVresonator: HS 
- Power-saving, low-frequency crystal: LP 


• Serial, In-System Programming (ISP) of EEPROM 
program and data memory using only two pins 


_ 
RA2 


- 
RA3 
_ 
RA4fTOCKI 


-- 
MClR 


-- 
Vss 
- 
RBOIINT 


--- 
RBI 
- 
RB2 
- 
RB3 


·1 


'oJ 
18 
2 
17 
3 " 
16 
4 
(; 
15 
5 
..•. 
14 
en 
6 
0 
13 
7 t 
12 
8 
11 
9 
10 


RAI 
- 
RAO 
- 
OSC11ClKIN 
-- 


OSC2lClKOUT 
-- 


Voo 
- 


RB7 
--- 
RB6 
--- 
RB5 
- 
RB4 
_ 


CMOS Technology 


Low-power, high-speed CMOS EEPROM technology 
Fully static design 
Wide-operating voltage range: 
Commercial: 2.0V to 6.0V 
- 
Industrial: 2.0V to 6.0V 
- 
Automotive: 2.0V to 6.0V 
Low-power consumption 
- 
< 2mA @ 5V, 4 MHz 
- 
1511Atypical 
@ 2V, 32 KHz 
< 111Atypical standby current 
@ 2V 


The PIC16C84 is a high-performance,low-cost, 
CMOS, 


fUlly-static 8-bit microcontroller with 1K x 14 EEPROM 
program memory and 64 bytes of EEPROM data memory. 
It is the second member of an enhanced family of 
PIC16CXX microcontrollers (customers familiar with the 
PIC16C5X products may refer to Appendix A for a list of 
enhancements). 


Its high performance is due to instructions that are all 
single word (14-bit wide), which execute in single cycle 
(4oons at 10 MHz clock) except for program-branches 
which take two cycles (8oons). 


The PIC16C84 has four interrupt sources and an eight- 
level hardware stack. 


The peripherals include an 8-bit timer/counter with an 
8-bit prescaler (effectively 
a 16-bit timer) and 13 bi- 
directional I/O pins. The high current drive (25mA max. 
sink, 20mA max source) of the I/O pins help reduce 
extemal drivers and therefore, system cost. 


The PIC16C84 product is supported by an assembler, 
an in-circuit emulator and a production quality program- 
mer. 
These tools are supported 
on IBM PC- and 
compatible machines. 
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The PIC16C84 is a low-cost, high-performance, CMOS, 
fully static, EEPROM-based 8-bit microcontroller. 
The 
EEPROM program memory is intended to be used for 
code development as well as One-Time-Programmable 
memory for full production. 
The program memory can 
not be updated dUring code execution. 
However, a 
special 'in-system-programming' 
capability using only 
two pins to serially input and output data allows users to 
update program code of the PIC16C84 embedded in a 
system. 
The 
EEPROM 
data memory 
(64-bytes) 
is 
readable and writable during normal execution at full 
Voo range (2.0V - 6.0V). 


The PIC16C84 employs an advanced RISC-like archi- 
tecture. 
A reduced set of 35 instructions, single word 
instructions (14-bit wide), single cycle instructions ex- 
cept for two-cycle program branches, instruction pipe- 
lining, large register set and separate instruction and 
data memory (Harvard architecture) schemes are some 
of the architectural innovation used to achieve very high 
performance. 
The PIC16C84 typically achieves a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers 
in its class. 


The PIC16C84 
is equipped with special features to 
reduce external components 
and thus reduce cost, 
enhance system reliability and reduce power consump- 
tion. There are four oscillator options, of which the single 
pin RC oscillator provides a low cost solution and the LP 
oscillator minimizes power consumption. 
The SLEEP 
(power down) mode offers power saving. The user can 
wake up the chip from SLEEP through external inter- 
rupts and reset. 


A highly reliable watchdog timer with its own on-chip RC 
oscillator provides protection against software malfunc- 
tion. 


1.1 Compatibility with PIC16C5X 


Those users farniliarwith the PIC16C5X family of micro- 
controllers will realize that this is an improved version of 
the PlC16C5X architecture. 
Please refer to Appendix A 
for a detailed list of modifications. 
Code written for 
PIC16C5X can be easily ported to the PIC16C84 (see 
Appendix B). 


1.2 Applications 


The PIC16C84 fits perfectly in applications ranging from 
high speed automotive 
and appliance control to low- 
power remote sensors, electronic locks and security 
devices. The PIC16C84 is also ideal for smart cards and 
RF tags. The EEPROM technology makes customiza- 
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages for through 
hole or surface 
mounting 
make this microcontroller 
series perfect for all applications with space limitations. 


Low-cost, low-power, high-performance, 
ease of use 
and I/O fleXibility makes the PIC16C84 very versatile 
even in areas where no microcontroller use has been 
considered before (e.g. timer functions, replacement of 
"glue" logic in larger systems, co-processor 
applica- 


tions). 


Additionally, 
the In System 
Programmability 
of the 
PIC16C84 (using only two pins for data transfer) offers 
flexibility to customize a product after complete assem- 
bly and test. 


This feature can be used to serialize a product, store 
calibration data available only after final test or to up- 
grade the firmware on finished goods. 


2,0 PIC16C84 DEVICE VARIETIES 


A variety offrequency ranges and packaging options are 
available. 
Depending on application 
and production 
requirements the proper device option can be selected 
using the information and tables in this section. 
When 
placing orders, please use the "PIC16C84 Product Iden- 
tification System" on the back page of this data sheet to 
specify the correct part number. 


2.1 Quick-Turnaround-Production (QTP) 
Devices 


Microchip offers a QTP Programming Service for factory 
production orders. 
This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. All EEPROM program memory locations and fuse 
options already programmed 
by the factory. 
Certain 
code and prototype verification 
procedures do apply 
before production shipments are available. Please con- 
tact your Microchip Technology sales office for more 
details. 


2.2 Serialized Quick-Turnaround-Production 
(SQTP) Devices 


Microchip offers the unique programming service where 
few locations in each device is programmed 
with a 
different serial number. 
The serial number may be 
random, pseudo-random or sequential. 


Serial programming allows each device to have a unique 
number which can serve as entry-code, pass-word or ID 
number. 
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The PIC16C84 address 1K x 14 program memory space, 
all 
on-chip. 
Program 
execution 
is 
internal 
only 
(microcontroller 
mode). 


The PIC16C84 
can directly or indirectly 
address 
its 48 
register 
files 
or data 
memory. 
All 
special 
function 
registers including 
the program 
counter 
are mapped 
in 
the data memory. 
The instruction 
set is fairly orthogonal 
(symmetrical) 
which makes it possible 
to carry out any 
operation 
on any register 
using any addressing 
mode. 
This symmetrical 
nature 
and lack of 'special 
optimal 
situations' make programming 
with the PIC16C84 simple 
yet efficient. 
In addition, 
the learning 
curve 
is reduced 
significantly. 


The high performance 
of the PIC16C84 
can be attrib- 
uted to a number 
of architectural 
features 
commonly 
found 
in RISC 
microprocessors. 
To begin 
with, 
the 
PIC16C84 
uses a Harvard 
architecture, 
in which, 
pro- 
gram and data are accessed 
from separate 
memories. 


This improves 
bandwidth 
over traditional 
Von-Neuman 
architecture 
where program 
and data are fetched 
from 
the same memory. Separating program and data memory 
further 
allows 
instructions 
to be sized differently 
than 
8-bitwide 
data word. In PIC16C84, 
op-codes 
are 14-bit 
wide making 
it possible 
to have all single word instruc- 
tions. A 14-bit wide program memory access bus fetches 
a 14-bit instruction 
in a single cycle. A two-stage 
pipeline 
overlaps 
fetch 
and execution 
of instructions. 
Conse- 
quently, 
all instructions 
(35) execute 
in a single 
cycle 
except for program 
branches. 


Pin 
Pin function 
Pin name 
Type 
Normal 
operation 
Serial 
In-System 
Programming 
(ISP) Mode 


Voo 
P 
Power 
Power 


Vss 
P 
Ground 
Ground 


OSC1/CLKIN 
I 
Clock inpuVosciliator connection 
- 


OSC2ICLKOUT 
I/O 
Oscillator connection/CLKOUT output. It is CLKOUTin RC 
- 
oscillator mode and oscillator connection in all other modes. 


MCLRNpp 
lIP 
Master clear (external reset) input. Active low. 
Master clear. Apply high voltage (Vpp) 
to enter programming mode. 


RA4ITOCKI 
I 
Open-drain outpuVinput pin. It is also the clock input to TMRO 
- 
timer/counter: Schmitt trigger input buffer 


RAO 
I/O 
Bidirectional I/O pin. 
TIL input levels 
- 


RA1 
I/O 
BidirectionalI/O pin. 
TIL input levels 
- 


RA2 
I/O 
BidirectionalI/O pin. 
TIL input levels 
- 


RA3 
I/O 
Bidirectional I/O pin. 
TIL input levels 
- 


RBO/INT 
I/O 
BidirectionalI/O pinlExternal interrupt input. TIL input levels 
- 


RB1 
I/O 
Bidirectional I/O pin. TIL input levels 
- 


RB2 
I/O 
BidirectionalI/O pin. TIL input levels 
- 


RB3 
I/O 
BidirectionalI/O pin. TIL input levels 
- 


RB4 
I/O 
BidirectionalI/O pin. TIL input levels 
- 


RBS 
I/O 
BidirectionalI/O pin. TIL input levels 
- 


RB6 
I/O 
Bidirectional I/O pin. TIL input levels 
Clock input 


RB? 
I/O 
BidirectionalI/O pin. TIL input levels 
Data inpuVoutput 
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ac 


Fe 


(Program 
Counter) 


0SC2ICLK0lIT 
(AC"-) 


:} 
Internal 


, 
Phase 


: 
CIodcs 


Felch 
INST (PC) 


Ex8Qll:e INST 
PC-1 


3.2 
Clocking Schemennstruction Cycle 


The clock input (from pin OSC1) is internally divided by 
fourto generate four non-overlapping quadrature clocks 
namely 01, 
02, 
03 
and 04. 
Internally, the PC is 


incremented every 01, an instruction is fetched from the 
program memory and latched into instruction register in 
04. 
It is decoded and executed during the following 01 
through 04. 
The clocks and instruction execution flow 
is shown in Figure 3.2.1. 


3.3 
Instruction Flowtpipelinlng 


An "Instruction Cycle" consists of 01, 02, 03 and 04 
cycles. 
The Instruction fetch and execute cycles are 
pipelined such that fetch takes one instruction cycle 
while the decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively 
executes 
in one cycle. 
If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction. 


A fetch cycle begins with the program counter (PC) 
incrementing in 01. 


The fetched instruction is latched into the "Instruction 
Register (IRl" which is decoded and executed during 
02, 03 and 04. Data memory is read during 02 (oper- 
and read) and written during 04 (destination write). 


3.4 
Program Memory Organization 


The PIC16C84 
has a 13-bit wide program counter 
(Figure 3.4.1) capable of addressing an 8K x 14 program 
memory space. Only the first 1K x 14 (OOOOh- 03FFh) 
are physically implemented. Accessing a location above 
3FFh will cause a wrap-around within the first 1K x 14 
space. 
The reset vector is at OOOOhand the interrupt 
vector is at 0004h. 


The EEPROM program memory of the PIC16C84 is 
rated for limited Erase/write cycles. 
To program the 
program memo~part 
must be put into a special 
mode by raising MCLR pin to high voltage (see section· 


Fetch IN$T 
PC+1 
Exocute 
INST (PC) 


11.5 for programming specification). Also, Voo must be 
4.5V to 5.5V during programming. The PIC16C84 is not 
suitable 
for applications 
where program 
memory 
is 
updated in the user application frequently. 


The program memory can be programmed serially using 
two data/clock pins (see Section 11) which makes in- 
system programming (ISP) possible. 
This allows the 
user to customize the system during final testing or 
upgrade a system in the field. 


FIGURE 3.4.1 - PROGRAM MEMORYMAP 
AND STACK 


Stack 
Level 
1 


Stack 
Level 2 


On~hip 


Program 
Memory 


03FFh 


0400h 
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3.5 
Program Counter Module 


The program counter (PC) is 13-bits wide. The low byte, 
PCL is a readable and writable register. The high byte 
of the PC, PCH, is not directly readable or writable. The 
high byte of the PC can be written through the PCLATH 
register (OAh). When the PC is loaded with a new value 
during a CALL, GOTO or a write to PCL, the high bits of 
PC are loaded from PCLATH as shown in Figure 3.5.1. 


The PIC16C84 has an 8-deep x 13-bit wide hardware 
stack. The stack space is not part of either program or 
data space and the stack pointer is not readable or 
writable. The PC is pushed on the stack when a CALL 
instruction is executed or an interrupt is acknowledged. 
The stack is popped in the event of a RETURN, RETLW 
or RETFIE instruction execution. 
PCLATH (OAh) is not 
affected by a PUSH or a POP operation. 


3.7 
Register File Organization 


The register file is organized as 128 x 8. It is accessed 
either directly or indirectly through the file select register 
FSR. It is also referred to as the data memory. There are 
several register file page select bits in the STATUS 
register allowing 
up to four pages. 
However, 
data 
memory extends only up to 2Fh. The first 12 locations 
are used to map special function registers. 
Locations 
OCh - 2Fh are general purpose registers implemented 
as static RAM. 
Some special function registers are 
mapped in page 1. When in page 1, accessing locations 
8Ch -AFh will access the RAM in page 0 (Figure 3.7.1). 


3.7.1 REGISTER FILE ADDRESSING MODES 


The register file can be addressed directly or indirectly. 
In both modes, up to 512 register locations can be 
addressed. 


Direct addressing mode: 
An effective 9-bit direct ad- 


dress is obtained by concantenating 
7-bits of direct 
address from the opcode and two bits (RP1, RPO)from 
the status register as shown in figure 3.7.1.1. 


Indirect addressing mode: Indirect addressing is pos- 
sible by using file address DOh(INDF). Any instruction 
using INDF as file register actually accesses data pointed 
to by the file select register, FSR. Reading INDF itself 
indirectly will produce OOh. Writing to INDF indirectly 
results in a no-operation (although status bits may be 
affected). 
An effective 9-bit address is obtained by 
concantenating the 8-bit FSA register and the lAP bit 
from the status register as shown in Figure 3.7.1.1. 


Please note that some special function registers are 
mapped in page 1. It will be necessary to set APO bit to 
address them. Both RP1 and IRP bits are essentially not 
used. 


For convenience, 
the general 
purpose registers are 
mapped both in page 0 and page 1. 


FIGURE 3.5.1 • LOADING OF PC IN 
DIFFERENT SITUATIONS 


File 


Address 
00 
Indirect addr.(· 
Indiract addr.(·) 


01 
RTCC 
OPTION 


02 
PCl 
PCl 


03 
STATUS 
STATUS 


04 
FSR 
FSR 


05 
PORTA 
TRISA 


06 
PORTS 
TRISB 


07 


08 


09 


OA 


OB 


OC 


EEDATA 


EEADR 


PCLArn 


INTCON 


EECONI 


EECON2 


PCLArn 


INTCON 


• 
Not a physical 
register 
Ii Unimplemented 
data memory 
locations; 
reads as 'O's 
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36 
General 
purpose 
registers 
(SRAM) 


• 


Direct 
Addressing 


RP1 RPO 
6 
from opoode 
0 
[]] LITIIIIJ 
~ 
page setecI 
location setecI t 


~~--------t 
::-;:=::!.~00~r- 
__ 
~01~..".,...".,.~~..".,...".,...".,.~ 
00 


Indirect 
Addressing 


IRP 
7 
(FSR) 
0 
0= 


page select 


10 
11 .-J 


I 


00 
• 


notueed 
J~~~ 


-+---------' 


2F",... __ 
-1 


30 


Filename 
Bit 7 
I 
Bit 6 I 
BitS 
I 
Bn4 
I 
Bn3 
I 
Bn2 I 
Bit1 I 
BnO 
Value on power 


on reset 


flIaJl; 


00 
INDO 
Uses contents 
of FSR to address 
data memory 
(not a physical 
register) 
00000000 


01 
TMRO 
8 Bn Real Time clock counter 
xxxxxxxx 


02 
PeL 
Low order 8 bits of PC 
00000000 


03 
STATUS 
IRP 
I 
RP1 
I 
RPO 
I 
TO 
I 
PO 
I 
z 
I 
DC 
I 
C 
00011XXX 


04 
FSR 
Indirect data memory. 
address 
pointer 0 
xxxxxxxx 


05 
PORTA 
I 
I 
I 
RA4IRT I 
RA3 
I 
RA2 
I 
RA1 
I 
RAO 


06 
PORTB 
RB7 
I 
RB6 
I 
RBS 
I 
RB4 
I 
RB3 
I 
RB2 
I 
RB1 
I RBOIINT 
07 
- 


08 
EEDATA 
EEPROM 
Data Register 
xxxxxxxx 


09 
EEADR 
EEPROM 
Address 
Register 
xxxxxxxx 


OA 
PCLATH 
Holding 
register for high byte of PC (Note 
1) 
---00000 


OB 
INTCON 
GIE 
I 
EEIE I 
TOlE I 
INTE I 
RBIE 
I 
TOIF 
I 
INTF I 
RBIF 
ooooooox 


~ 
80 
INDO 
MAPPED 
IN PAGE 0 


81 
OPTION 
RBPU 
I 
INTEDG 
I 
RTS 
I 
RTE 
I 
PSA 
I 
PS2 
I 
PS1 
I 
PSO 
11111111 


82 
PCL 
Mapped 
in page 0 


83 
STATUS 
Mapped 
in page 0 


84 
FSR 
Mapped 
in page 0 


85 
TRISA 
PORTA 
(105) data direction 
register 
---11111 


86 
TRISB 
PORTB 
(106) data direction 
register 
11111111 
, 
-",- 
Not" 


88 
EECON1 
" 
I 
I 
I 
EEIF I 
WRERR 
I 
WREN 
I 
WR 
I 
RD 
ooooxooo 


89 
EECON2 
Not a physical 
register 


8A 
PCLATH 
Mapped 
in paQe 0 


8B 
INTCON 
Mapped 
in page 0 


Notes: 
1: 
The 
upper 
byte 
of the 
program 
counter 
is not directly 
accessible. 
PCLA TH 
is a holding 
register 
for 


PC<15:8> 
whose 
contents 
are 
updated 
from 
or transfered 
to the 
upper 
byte 
of the 
program 
counter. 
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3.8 
Indirect Addressing 
Register 


It is not a physical register. Addressing INDF will cause 
indirect addressing. 
See Section 3.7.1.1 for details. 


3.8.1 ..IMBQ 


8-bit real time clock counter. See Section 6.4 for details. 
3.8.2 
.EQ!. 


Low order 8-bits of the PC. See Section 3.5 for details. 


3.9 
STATUS Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for data 
memory. 


The STATUS register can be the destination for any 
instruction like any other register. 
However, the status 


bits are set following the write operation (04). 
Further- 


more, TO and PO bits are not writable. 
Therefore, the 


result of an instruction with STATUS register as destina- 
tion may be different than intended. For exa.!!!l?le,CLRF 
STATUS will clear all bits except for TO and PO and then 
set the Z bit and leave STATUS register as OOOUU100 
(where U = unchanged). 


It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because these instructions do not affect any 
status bit. 


For other instructions, affecting any status bits, see the 
section 'Instruction Set Summary' (see Section 4.0). 


TABLE 3.9.2.1 - EVENTS AFFECTING POI 
TO STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 


WDTTimeout 
0 
U 
No effect on PO 


SLEEP instruction 
1 
0 


CLRWOT instruction 
1 
1 


U: 
unchanged 


Note: 
A WOT timeout will occur regardless 
of the status of the TO 


bit. ASLEEP J....nstructionwill be executed. 
regardless 
ot ~ 


status of the PO bit. Table 3.9.2.2 
reflects the status of PO 


and TO after the corresponding 
event. 


3.9.1 CARRY/BORROW 
AND DIGIT CARRY/ 


BORROW BITS 


The carry bit (C) is a carry out in addition operations 
(ADDWF, ADDLW) and a borrow out in subtract opera- 
tions (SUBWF, SUBLW). 
The following examples ex- 


plain operation of carrylborrow bit: 
;SUBLW 
Example 
11 


;wreg=l 
;wreg= 
2-wreg 
= 2-1=1 


iCarry=l: 
result 
is 
positive 


;wreg=2 
;wreg=1-wreg=1-2=FFh 
iCarry=O: 
Result 
is negative 


clrf 
movlw 
subwf 


;f (20h)=0 
;wreg=1 
;f(20h)=f(20h)-wreg=0-1=FFh 
iCarry=O:Result 
is negative 


Ox20 
1 
Ox20 


;SUBWF 
Example 
12 


movlw 
OxFF 


movwf 
0x20 


clrw 
subwf 
0x20 


;f(20h)=FFh 
;wreg=O 
;f(20h)=f(20h)-wreg=FFh-0=FFh 
iCarry=l: 
Result 
is positive 


The digit carry operates in the same way as the carry bit, 
Le.: it is a borrow in subtract operations. 


3.9.2 TIME OUT AND POWER DOWN STATUS 
BITS@PDl 
- 
- 
The TO and PO bits in the status register can be tested 
to determine if a RESET condition has been caused by 
a Watchdog Timer time-out, a power-up condition or a 
wake-up from SLEEP by the Watchdog Timer or MCLR 
pin. 


These status bits are only affected by events listed in 
Table 3.9.2.1. 


TABLE 3.9.2.2 - POITO STATUS AFTER 
RESET 


TO 
PO 
RESET was caused bv 
0 
0 
WDT wake-up from SLEEP 


0 
1 
WDT time-out (not during SLEEP) 


U 
0 
MCLR wake-up from SLEEP 


1 
1 
Power-up 
U 
U 
MCLR reset during normal operation 


U: 
unchan~ 
- 
Note: 
The PO and TO bit maintain 
their status 
until an event of 
Table 3.9.2.1 <>«£!!rs. A.!2..w-pulse on the MCLR input does 
not change 
the PO and TO status b~s. 
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ADDRESS: 
~ 
RESET 
CONDITION: 
OOO??XXX 
TO, PD are set or reset as shown 
in Table 
3.9.2.1 


bilO 
CARRYIBORROW 
BIT: 


For ADDWF, 
SUBWF 
, ADDLW 
and SUBLW 
instructions, 
this bn is set if 
there is a carry out from the most significant 
bit of the resultant. 


Note that a subtraction 
is executed 
by adding 
the two's 
complement 
of 


the 
second 
operand. 
For 
rotate 
(RRF, 
RLF) 
instructions, 
this 
bit 
is 


loaded 
with either the high or low order M of the source 
register. 


DIGIT CARRYIBORROW 
BIT: 


For ADDWF, 
SUBWF 
, ADDLW 
and 
SUBLW 
instructions, 
this bit is 
set if there is a carry 
out from the 4th low order 
bit of the resultant. 


ZERO 
BIT: 
Set if the resun of an arithmetic 
or logic operation 
is zero. 


Reset otherwise. 
Addnionally, 
MOVF 
instruction 
will affect the Z M. 


POWER 
DOWN 
BIT: 


Set to '1' 
dUring 
power 
up or by a CLRWDT 
command. 
This 
bit is 
cleared 
to '0' 
by a SLEEP 
instruction. 


TIME-ouT 
BIT: 
Set 
to 
'1' 
during 
power 
up 
and 
by 
the 
CLRWDT 
and 
SLEEP 
command. 
This bn is cleared 
to '0' 
by a watchdog 
timer time out. 


REGISTER 
PAGE 
SELECT 
BITS FOR DIRECT 
ADDRESSING: 


00 
: page 0 (0011 - 7Fh) 


RP1,O: 
01: 
page 
1 (SOh - FFh) 
10 
: page 2 (looh 
-17Fh) 
11 
: page 3 (180h - 1FFh) 


Each page is 128 bytes. 
Only 
RPO is useful 
in PIC16C84. 
Bit 
RP1 
can 
be used 
as a general 


purpose 
readlwrite 
bit. 
However, 
this may affect 
upward 
compatibility 
with 


future 
products. 


REGISTER 
PAGE 
SELECT 
BITS 
FOR INDIRECT 
ADDRESSING: 


IRPO: 0 
: page 0,1 (ooh - FFh) 
1 : page 2,3 (10Oh - 1FFh) 
This bn is effectiVely 
not used in the PIC16C84. 


It may 
be used 
as a general 
purpose 
readlwrite 
M. 
However, 
this 
may 


affect upward 
compatibility 
wnh future 
product. 
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3.10 
Arithmetic and Logic Unit (ALU) 


The ALU is a-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. 
Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. 
In two-operand 
instructions, 
typically one 
operand 
is the working 
register (W register) or the 


accumulator. 
The other operand is a file register or im 


immediate constant. In single operand instructions, the 
operand is either the W register or a file register. 


3.11 
W Register 


The W register is an a-bit working register (or accumu- 
lator) used for ALU operations. 
It is not in the data 


memory. 


3.12 
Interrupts 


The PIC16C84 has four sources of interrupt: 


extemal interrupt from RBOIINT pin 


TMRO timer/counter overflow interrupt 


end of data EEPROM write 


interrupt on change on RB<7:4> pins 


The interrupt control register (INTCON, addrOBh) records 
individual interrupt requests in flag bits. 
It also has 


individual and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7» 
enables 


(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 


The RETFIE instruction allows user to retum from inter- 
rupt and enable interrupt at the same time. 


The INT pin interrupt, the RS port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the retum address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) of the interrupt 
can be detennined by polling the interrupt flag bits. The 
interruptflag bit(s) must be cleared in software before re- 
enabling interrupts to avoid recursive interrupts. 


RBIF 
RBIM 


GtE 


Note 1; IndMduaiinterruptflagbltsaresetregard- 


less of the status of their corresponding 
maskMorifle GfE bit., 


~~"l)te2: If 
QCCuQl~i!be 
G~I 


.".. 
lot 
(GIE)~isbeitlgcleared •• 


the 
may unintentlonallybe Ie- 


enabled by the user's fnterrupt Service 
Routine 
(the RE'l'FIE 
lnsUuctfon). 
The 
events that would cause 1his to occur are; 
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t. 
An instruction clears the GIE bitwhll4 
an Interrupt 
1&aeknowfedged 
2. 
The program tnanches to the Inter- 
NPtvectorand executes the Interrupt 
Service Routine. 
3. 
The (ntelTUpt 
Servia) 
Routine com- 


~tElSwlttltheexectJt\opoftheuw:t;S 
In 
n.This 
GIEbitto 
be' 
(ertables 
and the 
program l'eIums 
Instructfon 


atter the one which was meant to 
disable interrupts. 


The method to ensure that Interrupts are 
globally disabled is: 


1. 
EnsurethattheGlEbitwasclearedby 
thelnstructlon,asshownln 
lhefollow· 


lngcode: 


~ 
1D> 
lm'CON, Qt. ; 
eGlobetl 


t 
ts 


B'1'FSCt~, 
au 
t.r;l;\lp\;lJ 
e<l? 


ooro UlCle 
NO, try again 
1I'e8,continue with 


progr.... flow 


• 


PIC16C84 


External interrupt on RBO/INT pin is edge triggered: 
either rising (if INTEDG = 1, OPTION<6» 
or falling (if 


INTEDG = 0). When a valid edge appears on INT pin, 
INTF bit is set (INTCON <1». 
This interrupt 
can be 
disabled by clearing INTE control bit INTCON<4>. The 
INTF bit (INTCON<1» 
must be cleared in software in 


the interrupt service 
routine before re-enabling 
this 


interrupt. The INT interrupt can wake up the processor 
from SLEEP if INTE bit was set prior to going into 
SLEEP. The status of the GIE bit decides whether or not 
the processor branches to the interrupt vector following 
wake-up. 
See Section 5.5 for details on SLEEP and 


Figure 5.5.1 for timing of wake-up from SLEEP through 
INT interrupt. 


3.12.2 
TMRQ INTERRUPT 


An overflow (FFh ~ OOh)in the TMRO will set the TOIF 
(INTCON<2» 
bit. 
The interrupt can be enabled/dis- 


abled by setting/clearing TOlE (INTCON<5» 
bit. See 


Section 6.4 for details. 


3.12.3 PORT RS INTERRUPT 


An input change on PORTB <7:4> will set the RBIF 
(INTCON<O» 
bit. 
The interrupt can be enabled/dis- 


abled by setting/clearing RBIE (INTCON<4» 
bit. 


3.12.4 EEPROM WRITE INTERRUPT 


The EEPROM write interrupt flag, EEIF (EECON1 <4» 
when a data EEPROM write is complete. The interrupt 
can be masked by clearing the EEIE bit (INTCON<6». 
See Section 6.1 for details on EEPROM write interrupt. 


FIGURE 3.12.1.1 -INT PIN INTERRUPT TIMING 


01 I 
021 
031 
04 
011 
02103104 
01 
1 02 
1 03 
1 04 
Of 
1 02 
1 03 
1 04 
01 
1 02 I 
03 
1 04 


OSCI 


CLK0lJl{3) 


INTpin 


INTF lIag 


(INTCON <1» 
Interrupt Latency (NOle 2) 


GIEbit 
(INTCON <7» 


INSTRUCTION FLOW 


PC 
PC 
PC+ 1 
PC+1 
0004h 
0005h 


Instruction { 
Inst (PC) 
Inst (PC + 1) 
Inst (OOO4h) 
Inst (OOO5h) 
fetched 


Instruction { 
Inst(PC-f) 
Inst(PC) 
Dummy cycle 
Dummy cycle 
Inst (OOO4h) 
executed 


Notes: 
1. INTF!lag 
is sampled 
here (every 
01) 
2. Interrupt 
latency 
~ 3-4 Tcy where Tcy ~ instruction 
cycle time. 


Latency 
is the same whether 
Ins! (PC) is a single cycle or a 2-eycle 
instruction. 
3. CLKOLrr 
is available 
only in RC oscillator 
mode. 
4. For minimum 
width spec ollNT 
pulse, refer to AC specs. 


5. INTF is enabled 
to be set anytime 
during 
the 04-01 
cycles. 
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Readable & 
writable 
Read only 
Unused, 
read as '0' 


RB port change interrupt flag 
Set when RB<7:4> inputs 
change. 
Reset in software 


INT interrupt flag 
Set when INT interrupt occurs 
Reset in software 


TMRO overflow interrupt flag 
Set when TMRO overflows 
Reset in software 


RBIF interrupt enable bit 
RBIE = 0: disables RBIF interrupt 
RBIE = 1: enables RBIF interrupt 


INT interrupt enable bit 
INTE = 0: disables INTF interrupt 
INTE = 1: enables INTF interrupt 


TMRO interrupt enable bit 
TOlE = 0: disables TOIF interrupt 
TOlE = 1: enables TOIF interrupt 


EEPROM write interrupt enable M 
EEIE = 0: Disable EEIF interrupt 
EEIE = 1: Enable EEIF interrupt 


Global interrupt enable 
0= Disable 
1 = Enable 


~U'®OOIffii) 
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What sets apart a microcontroller from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16C84 has a host of such features 
intended to maximize system reliability, minimize cost 
through elimination of external components, provide power 
saving operating modes and offer code protection. 


The on-ehip Watchdog Timer can only be shut off through 
an EEPROM fuse. 
It runs off its own RC oscillator for 


added reliability. There are two timers that offer neces- 
sary delays on power-up. One is the Oscillator Start-up 
Timer (OST), intended to keep the chip in reset until the 
crystal oscillator is stable. 
The other is the power-up 


timer (PWRT), which provides a fixed delay of 72ms 
(nominal) on power-up only, designed to keep the part in 
reset while the power supply stabilizes. With these two 
timers on chip, most applications need no external reset 
circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, watchdog timer time-out or inter- 
rupt. Several oscillator options are also made available 
to allow the part to fit the application. 
The RC oscillator 


option saves system cost while the LP crystal option 
saves power. A set of EEPROM configuration bits (fuses) 
are used to select various options (Section 5.6). 


The PIC16C84 differentiates between various kinds of 
reset: 


a) 
Power on reset (POR) 


b) 
MCLR Reset during normal operation 


c) 
MCLR reset during SLEEP 


d) 
WOT time-out reset during normal operation 


e) 
WOT time-out reset during SLEEP 


Some registers are not reset; they are unknown on POR 
and unchanged in any other reset. Most other registers 
are reset to "reset state" on Power-On Reset (POR), on 
MCLR or WOT reset during normal operation and on 
MCLR reset during SLEEP. They are not affected by a 
WOT reset during SLEEP, since this reset is viewed as 
the resumption of normal operation. 
There are a few 


exceptions to this-,-The 
PC is always reset to all O's 


(OOOOh).Finally, TO and PO bits are set or cleared 
differently in different reset situations as indicated in 
Section 3.9.1. 
These bits are used in software to 


determine the nature of reset. See Table 5.1.1 for a full 
description of reset states of all registers. 


4.2 power-On Reset (POR). power-up Timer 


(PWRD and Oscillator 
Start-up Timer 


(QSD 


Power-On Reset (POR): A Power-On Reset pulse is 
generated on-ehip when Voo rise is detected (in the 
range of 1.2V to 1.8V). To take advantage of the POR, 
just tie MCLR pin directly (or through a resistor) to Voo. 
This will eliminate 
external RC components 
usually 


needed to create Power-On Reset. 


OST 


10 bit Ripple counler 


POWER_UP 
(Enable lhe PWRT timer 
only n n is power_up.) 


(POWER_UP +WAKE_UP) 
(XT + LP) 
(Enable the OST if it is power_up or wake_up 
from SLEEP and OSC type is XT or LP) 
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Register 
Address 
Power-on reset 
WOTtime-out 
WOTtime-out 
MCLRreset 
MCLRreset 
Wake-up 
(POR) 
reset during 
reset during 
during normal 
during SLEEP 
through 
normal operation 
SLEEP 
operation 
interrupt 


W 
- 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu 
uuuu 


INDIR 
DOh 
- 
- 
- 
- 


TMRO 
01h 
xxxx 
xxxx 
uuuu uuuu 
uuuu 
UUllU 
UUUU 
UUUU 
uuuu 
uuuu 
uuuu 
uuuu 


PC 
02h 
OOOOh 
OOOOh 
PC+ 
1 
OOOOh 
OOOOh 
PC + 1 


STATUS 
03h 
0001 
1xxx 
0000 
1uuu 
uuuO Ouuu 
OOOu uuuu 
0001 
Ouuu 
uuu1 
Ouuu 


FSR 
04h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu uuuu 
uuuu 
uuuu 
uuuu uuuu 
uuuu 
uuuu 


PORTA 
05h 
xxxx 
xxxx 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu 
uuuu 


PORTB 
06h 
xxxx 
xxxx 
uuuu 
uuuu 
uuuu 
uuuu 
uuuu 
uuuu 
uuuu uuuu 
uuuu 
uuuu 


TRISA 
85h 
---1 
1111 
---1 
1111 
---u uuuu 
---1 
1111 
---1 
1111 
---u 
uuuu 


TRISB 
86h 
1111 
1111 
1111 
1111 
uuuu 
uuuu 
1111 
1111 
1111 
1111 
uuuu 
uuuu 


OPTION 
81h 
1111 
1111 
1111 
1111 
uuuu 
uuuu 
1111 
1111 
1111 
1111 
uuuu 
uuuu 


EEDATA 
08h 
xxxx 
xxxx 
uuuu uuuu 
uuuu 
uuuu 
uuuu uuuu 
uuuu uuuu 
uuuu uuuu 


EEADR 
09h 
xxxx 
xxxx 
uuuu uuuu 
uuuu uuuu 
uuuu 
uuuu 
uuuu 
uuuu 
uuuu uuuu 


EECON1 
88h 
---0 
0000 
---0 
?OOO' 
---u uuuu 
---0 
?OOO' 
---0 
?OOO' 
---u 
UllUU 


EECON2 
89h 
- 
- 
- 
- 
- 
- 


PCLATH 
OAh 
---0 
0000 
---0 
0000 
---u uuuu 
---0 
0000 
---0 
0000 
---u uuuu 


INTCON 
OBh 
0000 
OOOx 
0000 
OOOu 
uuuu 
uuuu 
0000 
OOOu 
0000 
0000 
uuuuuuuu* 
Legend: 
- = unimplemented. 
readsas'0' 
u = unchanged 
x = unknown 


• Intheeventofwake-upthroughinterrupt,oneormoreoftheinterruptflagswillbeset. OtherbitsinINTCONwillremainunchanged. 
t WRERR(bit3)willbesetW resetoccurredduringEEPROMwrite. 


The paR circuit does not produce internal reset when 
Voo declines (or goes through a brown-out). 


Power-up Timer (PWRD: 
The power-up timer provides 


a fixed 72ms time-out on power-up only, from paR. The 
power-up timer operates on an internal RC oscillator. 
The chip is kept in reset as long as PWRT is active. The 
PWRT delay allows the Voo to rise to an acceptable 
level. A configuration fuse, PWRTE can enable (if = 1) 
or disable (if = 0 or programmed) the Power-up Timer 
(Section 5.6). 


The power-up time delay will vary from chip to chip and 
due to Voo and temperature. 
See DC parameters for 


details. 


Oscillator Start-up Timer (OSD: The Oscillator Start-up 
Timer (OST) provides 1024 oscillator cycle (from OSC1 
input) delay after the PWRT delay is over. This guaran- 
tees that the crystal oscillator or resonator has started 
and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 


Time-out Sequence: 
On power-up the time-out 
se- 


quence is as follows: First PWRT time-out is invoked 
after paR has expired. 
Then TOST is activated. 
The 
total time-out will vary based on oscillator configuration 
and PWRTE fuse status. For example, in RC mode with 
PWRTE setto '0' (PWRT disabled), there will be no time- 
out at all. Figures 5.2.1, 5.2.2 and 5.2.3 depict time-out 
sequences. 
Table 5.2.1 shows time outs on power-up 
versus wake-up from SLEEP. 


Since the time-outs occur from paR pulse, if MCLR is 
kept low long enough, the time-outs will expire. 
Then 
bringing MCLR high will begin execution immediately. 
This is useful for testing purposes or to synchronize 
more than one PIC16C84 operating in conjunction. 


TABLE 4.2.1 - TIME-OUT IN VARIOUS 
SITUATIONS 


Oscillator 
Power-up 
Wake up from 
Configuration 
PWRTE= 1 PWRTE=O 
SLEEP 


XT, HS, LP 
72ms+ 
102410sc 
102410sc 
102410sc 
RC 
72ms 
- 
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FIGURE 4.2.4 - EXTERNAL POWER 
ON RESET CIRCUIT 


0 
R 


Rl 


MCLR 
I 
C 
PIC16C84 
-= 


Notes: 
1. External power on reset circuit is requiredonly if 


Voo power-upslopeistooslow. Thediode0 helps 
dischargethe capacnorquicklywhenvoo powers 
down. 
2. 
R < 40KO is recommendedto make sure that 
voltagedrop acrossR does not exceed0.2V (max 
leakagecurrentspeconMCLRpinis 51lA). A larger 
vo~agedrop will degradeVIH levelon MCLRpin. 


3. 
R1 = 1000 to 1KOwill limitanycurrentflowinginto 
MCLR from external capacitor C in the event of 
MCLRpin breakdowndueto ESDor EOS. 


FIGURE 4.2.5 - BROWN OUT PROTECTION 
CIRCUIT 1 


Voo 


33K 


Notes: 
1. This circuit will activate reset when voo goes 
below (VZ + 0.7V) whereVz = Zenervoltage. 


FIGURE 4.2.6 - BROWN OUT PROTECTION 
CIRCUIT 2 


Voo 


R1 


Notes: 
1. This brown circuit is less expensive.albeit less 
accurate. Transistor 01 
turns off when VOO is 


below a certain levelsuch that: 


VOOo_R_1_ 
=O.7V. 


R1 +R2 


4.3 
WatchdogTimer (WOn 


The watchdog timer is realized as a free running on-ehip 
RC oscillator which does not require any external com- 
ponents. That means that the WDT will run, even if the 
clock on the OSC1 and OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. 
The WDT can be pennanently disabled by 


programming 
the configuration 
fuse WDTE as a '0' 


(Section 5.6). 


4.3.1 WDT PERIOD 


The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, voo and process variations from part to part (see 
DC specs). 
If longer time-out periods are desired, a 


prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. ThUS,time-out periods up to 2.3 
seconds can be realized. 


The ·CLRWDT· 
and ·SLEEp· 
instructions 
clear the 


WDT and the prescaler, if assigned to the WDT, and 
prevent it from timing out and generating 
a device 


RESET condition. 


The status bit TO in STATUS register will be cleared 
upon a Watchdog Timer timeout. 


4.3.2 
WDT PROGRAMMING 
CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
time-out occurs. 
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The PIC16C84 
can be operated 
in four different 
oscilla- 
tor options. 
The 
user can program 
two configuration 
fuses (FOSCl 
and FOSCO) to select one of these four 
modes. 


FIGURE 4.4.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 


PIC16C84 


SLEEP 


To internal 
logic 


Rsmaybenecessaryin HSmodeorinXTmodeforAT strip- 
cut crystals. see Tables5.4.1and 5.4.2for recommended 
valuesof C1,C2andRs. 


TABLE 4.4.1 - 
CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 
Type 
Frequency 
Cl = C2 


XT 
455 KHz 
150 - 330 pF 
2.0 MHz 
20 - 330 pF 
4.0 MHz 
20 -330 
of 
HS 
10.0 MHz 
20 -200 
pF 


Note: Highercapacitanceincreasesthe stabilityof oscillatorbut 
also increases 
the start-up time. 
These values are for design 
guidanceonly. Sinceeachresonatorhas~sowncharacter- 
ista, 
the user should consult the resonator 
manufacturer 
for 
appropriatevaluesof externalcomponents. 


10. '''',' 
•...•., ...•••...••• 
n ••••.••••o.J •••••'01., 
"" 
""'.""' " ''"''~ III.~'...,1 


is connected 
to the OSCl 
and OSC2 pins to establish 


oscillation 
(Figure 5.4.1). 


FIGURE 4.4.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 


CsystlOCemkfrom 
ext. ~~ 
OSC1 
-V- - 
PIC16C84 


Open 
0SC2 
~------- 


TABLE 4.4.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 


Osc 
Freq 
Cl 
C2 
Type 


LP 
32 KHz 
30 pF 
30-50 pF 


100 KHz 
15 pF 
15 pF 
200 KHz 
0- 
15 pF 
0- 
15 pF 
XT 
100 KHz 
15 -30 
pF 
200 - 300 pF 
200 KHz 
15-30pF 
100 - 200 pF 


455 KHz 
15-30pF 
15 - 100 pF 
1 MHz 
15 - 30 pF 
15-30pF 
2MHz 
15 pF 
15 pF 
4MHz 
15 of 
15 of 
HS 
4MHz 
15 pF 
15 pF 
10 MHz 
15 pF 
15 pF 


Note: Highercapac~nce increasesthe stabilityof oscillatorbut 


alsoincreasesthestart-uptime.Thesevaluesarefordesign 
guidanceonly. RsmayberequiredinHSmodeaswellasXT 
modetoavoidoverdrivingcrystalswithlowdrivelevelspeci- 
fication.Sinceeachcrystalhas~sowncharacteristics,the 
usershouldconsu"thecrystalmanufacturerforappropriate 
valuesof externalcomponents. 
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For timing insensitive applications the 'RC' device op- 
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
etervariation. 
Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, 
especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external Rand C components used. Figure 
4.4.3 shows how the RlC combination is connected to 
the PIC16C84. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com- 
pletely. 
For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes 
sensitive 
to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 3 
kOhm and 100 kOhm. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, 
the oscillation frequency 
can vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package lead 
frame capacitance. 


See Section 8.0 for RC frequency variation from part to 
part due to normal process variation. 
The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See the characteristics 
in Section 8.0 for variation of 
oscillator frequency due to Voo for given RexVCext 
values as well as frequency variation due to operating 
temperature for given R, C and Voo values. 


In RC mode, the oscillator frequency, divided by 4, is 
available on the OSC2ICLKOUT pin, and can be used 
for test purposes or to synchronize 
other logic (see 
Figure 3.2.1 for timing). 
The WOT is cleared when the device wakes up from 
SLEEP, regardless of the source of wake-up. 


FIGURE 5.4.3 - RC OSCILLATOR (RC 
TYPE ONLY) 


Cext I 


vss -= 


OSC1 


PIC16C84 
• 


The power down mode is entered by executing a SLEEP 
instruction. 


Ifenabled, the Watchdog Timer will be cleared but keeps 
running, the bit PO inthe STATUS registeris cleared, the 
TO bit is set, and the oscillator driver is tumed off. The 
I/O ports maintain the status they had, before the SLEEP 
command was executed (driving high,low or hi-imped- 
ance). 


For lowest curent consumption in this mode, all I/O pins 
should be either at Voo, or Vss, with no extemal circuitry 
drawing current from the I/O pin. I/O pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss for lowest 
current consumption. The contribution from on chip pull- 
ups on PORTS should be considered. 


The MCLR pin must be at a logic high level (VIHMC). 


It should be noted that a RESET generated by a WOT 
time out does not drive MCLR pin low. 


The device can wake up from SLEEP through one of the 
following events: 


a. External reset input on MCLR pin 


b. Watchdog Timer time-out reset (if WOTwas enabled) 


c. Interrupt from 
INT pin, RS port change 
or data 


EEPROM write completion. 


The first event will cause a device reset. The two latter 
events are considered a continuation of program execu- 
tion. The TO and PO bits in the STATUS register can be 
used to determine the cause of device reset. 
PO bit, 


which is set on power-up is cleared when SLEEP is 
invoked. TO bit is cleared ifWOTtime-out occurred (and 
caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. 
For the device to 


wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). 
Wake-up is 


regardless of the state olthe GIE bit. lithe GIE bit is clear 
(disabled), the device continues execution at the instruc- 
tion after the SLEEP instruction. 
If the GIE bit is set 


(enabled), the device executes the instruction after the 
SLEEP 
instruction and the branches to the interrupt 


address (OOO4h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NOP after the SLEEP instruction. 


Note: 
If ltle global Interrupts 
are disabfed (GlE is 


cleared), but any lnterruptsource 
has both 


its intelTUpt enable bit and the correspond- 
Ing interruPt 
nag bitS set, the deVice Will 


lmmediatelyWake from sleep. 


The WOT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 


INT 
•••• 


INTFftag 
(INTCON <1» 


Noles, 


1. 
XT. 
HS 
Of LP 
oedIIalor 
mode assumed 
2. lost s 102•• tosc (drawing no! to scale). ThIs delay will not be there lor AC osc mode. 


3. 
GIE" 
1 assumed. 
In this 
case 
after 
wake 
up 
processor 
jumps 
to interrupt 
routine. 


If GIE - O. execution wilt continue in line. 


4. 
CLKOUT 
Is not 
available 
in those 
oec 
modes, 
but 
shown 
heAl 
for 
timing 
reference. 


[p IT'®O O!JVi)0 [Ji)~ 
IT''W 


2-554 


4.6 
Configuration Fuses 


The PIC16C84 has five configuration fuses which are 
EEPROM bits. These fuses can be programmed (reads 
'0') or left unprogrammed 
(reads '1') to select various 
device configurations. 
These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
test/configuration memory space (2000h - 3FFFh). How- 
ever, through a special mode, this location can be 
accessed during programming. 


See the description of fuses in Figure 4.6.1. 


4.7 
10 Locations 


The PIC16C84 has four 10 locations (2000h - 2003h) 
mapped in the test program memory for storing code 
revision number, manufacturing 
information or other 
useful information. As with the configuration word, these 
locations are readable and writable through a program- 
mer. 
They are not accessible 
during normal code 
execution. 


If the chip is code protected, it is recommended that the 
user uses only the lower seven bits of the 10 locations 
and program the higher seven bits as '0'. This way the 
10 locations will be readable even after code protection. 


4.8 
Code Protection 


The code in the program memory can be protected by 
blowing the code protect fuse (CP). 


When code protected, the contents 
of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 
In addition, all memory 


locations are protected against programming. 


The code protected data EEPROM can be read and 
updated by the CPU in normal operation. All EEPROM 
data memory locations can not be programmed nor can 
they be read out in normal operation (ie, programming 
2 


modes, test modes). 


Once code protected, the CP fuse can be erased only 
through a chip erase. A chip erase will erase EEPROM 
program and data memory before erasing the code- 
protect fuse. Refer to PIC16C84 programming specifi- 
cation for details. 


4.8.1 VERIFYING A CODE-PROTECTED 
PART 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOxxxxxxx'(binary) where X is 1 or o. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 
protecting it. 


b. Next, blow its code protection fuse and then load its 
contents in a file. 


c. Verify any code-protected PIC16C84 againstthis file. 


EEPROM data memory can not be verified after code 
protection. The user can embed code for self testing the 
data memory in the program. 


Addr: 2007h 


OSC selection fuses: 
FOSC1, FOSCO: 
00: LP oscillator 
01 : XT oscillator 
10: HS oscillator 
11 : RC oscillator 


WOT enable fuses: 


WOTE = 1: WOT enabled 
WOTE = 0: WOT disabled 


Power-up timer enable fuse: 
PWRTE = 1 power-up time enabled 
PWRTE = 0 power-up timer disabled 


Code protection fuse: 


CP = 1 
code protection off 
CP = 0 
code protection on 


Unimplemented. 
Read as '1'so 
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FIGURE 
5.1.1 - BLOCK 
DIAGRAM 
OF 
RAO - RA3 PINS 


PORTA is a 5-bit wide port with pins RA<4:0>. Port pins 
RA<3:0> are bidirectional whereas RA4 has a open- 
collector output. 
PortA is file register 05h. 
Its corre- 


sponding direction control register TRISA is mapped in 
page 1 of register file at address S5h. TRISA is a five- 
bit wide register with bits <4:0> physically implemented. 
Refer to Figures 5.1.1 and 5.1.2 for block diagrams of 
PORTA pins. 


FIGURE 
5.1.2 - BLOCK 
DIAGRAM 
OF RA4 PIN 


The PIC16C84 has 13 1/0 pins organized as two 1/0 
ports, PORTA (5 bit) and PORTS (S-bit). There is one 
general purpose timerlcounter, TMRO which S-bit wide 
with S-bit programmable prescaler. 
It is separate from 
the Watchdog Timer. The PIC16C84 also has a 64 x S 
EEPROM data memory accessible through an S-bitdata 
register and address register. 


Data 
bus 
0 
a 


'WR 
Voo 


PORT' 
CK 


Note 1: 
1/0 pins have protection diodes to Voo and 
VSS. 


Port Pin 
Bit 
Pin Function 
Alternate 
Function 


RAO 
bitO 
Input/output port. TTL input levels 
- 


RA1 
bit1 
Input/output port. TTL input levels 
- 


RA2 
bit2 
Input/outout oort. TTL innut levels 
- 


RA3 
bit3 
Input/output port. TTL input levels 
- 


RA4ITOCKI 
bit4 
Input/output port. Output is open 
Extemal clock input for TMRO timerlcounter 


collector type. Input is Schmitt trigger type. 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTA 
PORTA pins when read 
05h 
---x 
xxxx 


PORTA latch when written 


TRISA 
PORTA data direction register 
S5h 
---1 
1111 


Notes: 
1: 
x = unknown, - = unimplemented, reads as a '0'. 


2: 
For reset values of registers 
in other reset s~uations 
refer to table 5.1.1. 
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PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A '1' in TRISS sets the corre- 
sponding port pin as an input. Reading PORTS register 
reads the status of the pins whereas writing to it will write 
to the port latch. See Figures 5.2.1 and 5.2.2 for block 
diagrams of the PORTB pins. 


Each of the PORTB pins has a weak internal pull-up 
(-100 
IJA typical). 
The weak pull-up is automatically 
turned off if the port pin is configured as an output. 
Furthermore, a single control bit RBPU (OPTION<7» 
can turn off (RBPU is set) all the pull-ups. The pull-ups 
are disabled on Power-On Reset. 


PORTB has an interrupt on change feature on four of its 
pins, RB<7:4>. When configured as input, the inputs on 
these pins are sampled and latched on the Q1 cycle of 
a read. The new input is compared with the old latched 
value in every instruction cycle. An active high output is 


FIGURE 5.2.1 - 
BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 


Nolo: 1. Port 1a1l:h= 1 and TRISB = 1 •••• bIos weak ""I~up ~ 


RBPU = 0 in OPTION 
register. 


2. va pins 
have 
diode 
protection 
to Voo and Vss .. 


generated on mismatch between the pin and the latch. 
The "mismatch" outputs of RB4, RB5, RS6 and RB7 are 
OR'ed together to generate the RBIF interrupt (latched 
in INTCON<O>. 
Any pin configured as output is ex- 
cluded from the comparison. This interrupt can wake the 
chip up from SLEEP. 
The user, in interrupt service 
routine can clear the interrupt in one of two ways: 


a) Disable the interrupt by clearing RBIE INTCON<3> 
bit. 


b) Read PORTB. 
This will end mismatch condition, 


then clear RBIF bit. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. 


Finally, port pin RBO is multiplexed with external inter- 
rupt input INT. 


FIGURE 5.2.2 - 
BLOCK DIAGRAM OF PORT 
PINS RB<3:0> 
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Port Pin 
Bit 
Pin Function 
Alternate 
Function 


RBOIINT 
bitO 
InpuVoutput port pin. TTL input levels and internal 
External interrupt input 


software programmable weak pull-up 


RBl 
bitl 
InpuVoutput port pin. TTL input levels and internal 
- 


software programmable weak pull-up 


RB2 
bit2 
InpuVoutput port pin. TTL input levels and internal 
- 


software programmable weak pull-up 


RB3 
bit3 
InpuVoutput port pin. TTL input levels and internal 
- 


software programmable weak pull-up 


RB4 
bit4 
InpuVoutput port pin. TTL input levels and internal 
Interrupt on port change 


software programmable weak pull-up 


RB5 
bit5 
InpuVoutput port pin. TTL input levels and internal 
Interrupt on port change 


software programmable weak pull-up 


RB6 
bit6 
InpuVoutput port pin. TTL input levels and internal 
Interrupt on port change 


software programmable weak pull-up 


RB? 
bit? 
InpuVoutput port pin. TTL input levels and internal 
Interrupt on port change 


software programmable weak pull-up 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


PORTB 
PORTB pins when read 
06h 
xxxx 
xxxx 


PORTB latch when written 


TRISB 
PORTB data direction register 
86h 
1111 
1111 


OPTION 
Weak pull-Up on/off control (RBPU bit) 
88h 
1111 
1111 
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5.3 VOProgramming 
Considerations 


5.3.1 BIDIRECTIONAL 
110 PORTS 


Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as inpuVoutputs. For ex- 
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re- 
output to the output latches. If another bit of PORTB is 
used as a bidirectional I/O pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the 
pin itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit 0 is switched into output 
mode later on, the content of the data latch may now be 
unknown. 


A pin actively outputting a '0' or '1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or', 
'wired-and'). 


The resulting high output currents may damage the chip. 


Reading the PORT 
register, reads the values of the 


PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 
EXAMPLE 5-1: READ MODIFY WRITE 


INSTRUCTIONS ON AN 110 
PORT 
; 
Initial 
PORT settings: 
PORTB<7:4> 
Inputs 


PORTB<3:0> Outputs 
; PORTB<7:6> have external 
pull-up 
and are not 
; connected 
to other 
circuitry. 


PORT latch 
PORT pins 
---------- 
---------- 
BCF 
PORTB, 7 
Olpp pppp 
llpp 
pppp 
BCF 
PORTB, 6 
lOpp pppp 
llpp 
pppp 
BSF 
STATUS. RPO 
BCF 
TRISB. 
7 
lOpp pppp 
llpp 
pppp 
BCF 
TRISB. 
6 
lOpp pppp 
lOpp pppp 


Note that 
the 
user 
may have expected 
the pin 
values 
to 
be OOpp pppp. 
The 2nd BCF caused 
RB7 
; to be latched 
as the pin value 
(High). 


5.3.2 SUCCESSIVE 
OPERATIONS ON VO PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
4.5.2.1). 
Therefore, care must be exercised if a write 


followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions 
with a NOP or an other instruction 
not 


accessing this I/O port. 


PC~ 
PC 
~ 
PC •. 1 
~ 


Instruction 
, MOVWF PORTS 
,MOVF 
PORTS, W , 


fetched 
, Write to PORTS 
Read PORTS 
' 
, 
,, 
RS(7:0) 
: 
~ 
' 


: 
: Tportpin 
I 


: 
I 
sampled 
here: 
~ 
,...... 
I 


Execute 
,TPD 
Execute 


, MOVWF PORTS 
' MOVF PORTS, W ' 


This 
example 
shows 
write 
to 
PORTS 
followed 
by 
a 


read 
from 
PORTS. 
Note 


that the data 
setup 
time = 


(0.25 
TCY 
- TPD) 
where 
TCY 
= instruction 
cycle. 


Therefore. 
at higher 
clock 


frequencies. 
write 
followed 
by 
a 
read 
may 
bE 


problematic. 
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PIC16C84 


5.4 
TIMERO (TMRO) Module 


The TMRO module timer/counter has the following fea- 
tures: 


8-bit timer/counter 
Readable and writable (file address 01h) 
8-bit software programmable prescaler 
Internal or external clock select 
Interrupt on overflow from FFh to OOh 
Edge select for external clock 


Figure 5.4.1 is a simplified block diagram of the TMRO 
module. 


Timer 
mode 
is selected 
by clearing 
the 
RTS bit 
(OPTION<5». 
In timer mode, the TMRO module will 


increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 


RTCC 
PINr 


two cycles (see Figures 5.4.2 and 5.4.3). The user can 
wor1<around this by writing an adjusted value to the 
TMRO module. 


Counter 
mode 
is selected 
by setting 
the 
RTS bit 


(OPTION<5». 
In this mode TMRO will increment either 


on every rising or falling edge of pin RA4/TOCKI. The 
incrementing 
edge is determined 
by control bit RTE 


(OPTION<4». 
Clearing the RTE bit selects the rising 


edge. 
Restrictions on the extemal clock input is dis- 


cussed in detail in Section 5.4.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by control bit, PSA (OPTION<3». 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. 
When the 


prescaler is assigned to the TMRO module, prescale 
value of 1:2, 1:4, ..., 1:256 are selectable. Section 5.4.3 
details the operation of the prescaler. 


SYNC 
WITH 
IINTERNAL 
CLOCKS 


SET TOIF 
INTERRUPT 
ON OVERFLOW 


PS2, PS1, PSO 
PSA 


Notes: 
1. 
Bits, RTE, RTS, PS2, PS1, PSO AND PSA are located in OPTION register. 
2. 
The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 


~~:~oo~~~oo~~~oo~~~oo~~~oo~~~oo~~~oo~~~oo~~ 


COUNTER)(PC-1 
fC 
PC.1 
PC+2 
PC+3 
PC." 
~ 
PC+S 
PC+6 


INST = 
MOVWF 
TMRO 
MOVF TMRO. W 
: 
MQVF 
TMRO. W, 
MQVF TMAC. W: 
MOVF 
TMRO. W, 
MOVF TMAO. W 
I 


RT+11 
RT+2I 
NRT 1 
NRT 1 
NRT 
NRT + 1 I 
NRT.2 
C 


t 
t 
t 
t 
t 


Wril:eTMRO 
ReadTMRO 
, 
ReadTMRQ 
, 
ReadTMRO 
, 
ReadTMRO 
ReadTMRO 


exewted 
readsNRT 
reads NRT 
reads NRT 
reads 
NRT 
+ 1 
reads 
NRT 
+ 2 


PC 
(PAOG~ 
COUNTER) 


INST= 


R( 
PC.1 
I 
PC+2 
PC+3 


MOVWF 
TMRO 
: 
MOVf 
TMRO, W 
: 
MQVF TMAO. W 
: 
MOVF TMRO. W 
I 


PC.. 
PC+5 
i 


MOVF 
TMAD. 
W 
I 
MQVF 
TMRO. 
W 
: 


Rr 
RT.1 I 
RT+2 
I 
NRT 
NRT 
t 


, t 
WliteTMRO 
ReadTMRQ 
ReadTMRO 
executed 
reads 
NRT 
reads NRT 


NRT+1 
NRT +2 
NRT+3 C 
t 


, t 
t 
ReadTMRO 
ReadTMRO 
I 
ReadTMRO 


reads 
NRT + 1 
reads 
NRT + 2 
reads 
NRT 
+ 3 
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5.4 1 TIMERO aMRO) INTERRUPT 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to DOh.This overflow 
sets the TOIF bit. 
The interrupt can be masked by 


clearing 
the TOlE bit (INTCON<5». 
The TOIF bit 


(INTCON<2» 
must be cleared in software by the TMRO 


module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. 
See Figure 5.4.4 for TMRO interrupt timing. 


5.4.2 USING TMRO WITH EXTERNAL CLOCK 


When external clock input is used for TMRO. it is syn- 
chronized with the internal phase clocks. Therefore. the 
external clock input must meet certain requirements. 


Also. there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 5.4.5. the synchronization 
is done 


after the presealer. 
The output of the presealer 
is 


sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore. it is necessary for PSOUTto 
be high for at least 2 tose and low for at least 2 tose 
where: 


tose = oseillator time period. 


When no prescaler is used. PSOUT(Prescaler output. 
see Figure 4.2.1) is the same as TMRO clock input and 
therefore the requirements are: 


TRTH 
TMRO 
high 
time 
~ 2tosc 
+ aT 


(See parameter #40) 


TRTL 
TMRO 
low 
time 
~ 
2tosc 
+ 
aT 


(See parameter #41) 


When presealer is used. the TMRO module input is 
divided bythe asynchronous ripplecounter-type prescaler 
and so the presealer output is symmetrical. 


Then: 


PSOUThigh time = PSOUTlow time = 
N °2TRT 


where 


TRT 
TMRO input period 


N 
prescale value (2. 4•....• 256). 


The requirement is. therefore: 


N02TRT ~ 2tosc+aT.orTRT~ 
4tosc~2AT 


where 


small RC delay 


(see Timing Specifications). 


The user will notice that no requirement on TMRO high 
time or low time is specified. 
However. if the high time 


or low time on TMRO is too small then the pulse may not 
be detected. hence a minimum high or low time of 10 ns 
is required. 
In summary. the TMRO module input re- 


quirements are: 


TRT 


TRTH 


TRTL 


TMRO period ~ (4 tose + 2 aT)/N 


TMRO high time ~ aT 


TMRO low time ~ AT 


OSCI 


CLKOUT(3) 


TMROtimer 
FFh 
OOh 
01h 
02h 
03h 
05h 
.<D 
<D 
TrnFbit 
(INTCON 
<2» 


GIEbit 


(INTCON 
<7» 


INSTRUCTION 
FLOW 
(Note 
2) 


PC 
PC 
PC.1 
PC., 
PC.1 
0004h 
0005h 


Instruction 
{ 
Ins.(PC) 
Inst(PC+ 
1) 
!etched 
Ins!(OOO4h) 
Ins'(000511) 


Ins1nJctioo{ Inst(PC-1) 
Inst(PC) 
Dummy 
cycle 
Ounvny 
cycle 
Oun-.ny 
cycle 
Ins!(0004h) 
executed 


No'es: 
1. TOIF in'errupt 
flag 
is sampled 
here 
(evetY 
01) 
2. Interrupt 
latency = 4 Tcy 
where 
Tcy = instruction 
cyde 
time. 
3. ClKOUT 
is available 
only 
in RC oscillator 
mode. 
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a small delay from the time the external clock edge 
occurs 
to the time 
the TMRO module 
is actually 
incremented. 
Referring to Figure 5.4.5, the reader can 
see that this delay is between 3 tose and 7 tose. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tose (±200ns @ 
20 MHz). 


5.4.3 PRESCALER 


An 8-bit counter is available as a presealer for the TMRO 
module, or as a post-sealer for the Watchdog Timer, 
respectively (see Figure 5.4.6). Forsimplicity, this counter 
is being referred to as 'prescaler" throughout this data 


wnlCn IS mutually exclusively shared between the TMRO 
module and the Watchdog Timer. 
Thus, a prescaler 
assignment for the TMRO module means that there is no 
presealer for the Watchdog Timer, and vice-versa. 


The PSA and PS2-PSO bits (OPTION<3:0» 
determine 
the presealer assignment and pre-scale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 
TMRO, MOVWF 


TMRO, 
BSF 
TMRO,x 
.... etc.) will clear the presealer. 


When assigned to WDT, a CLRWDT instruction will clear 
the presealer along with the Watchdog 
Timer. 
The 
prescaler is not readable or writable. 


:~I~lml~:~I~lml~:~I~lml~:~I~lml~: 


EXT CLOCK INPUT OR 
I 
Small pulse I . 


PRESCALER 
OUT (NOTE 2) 
misses sampling 


INCREMENT TMRO (~) 


TMRO 
Notes: 


1. 
Delay from clock input change to TMRO increment is 3 tose to 7 tose. (Duration of a = tose). 
Therefore, the error in measuring the interval between two edges on TMRO input =± 4 tose max. 


2. 
External clock if no presealer selected, Presealer output otherwise. 


3. 
The arrows indicate the points in time where sampling occurs. 


TOCKI I'7l----.. 


Pin 
~ 
r-i 


RTE 


M 
U 
o 
X 


SYNC 
2 
CYCLES 


SetTOIF 
Interrupt 
on Overflow 


Nore: RTE,RTS,PSA,PSO-PS2 


are bits in the OPTION register 
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5.4.4 SWITCHING PRESCALER ASSIGNMENT 


The prescaler assignment is fully under software con- 
trol, Le., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 5-2) 
must be executed when changing the prescaler assign- 
ment from TMRO to WDT. Depending on the selected 
prescaler value (lines 1 and 2) determines if lines 7 and 
8 are required: 


Steps 1 and 2 are only required if an extemal TMRO 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or '001'. 


To change prescalerfrom the WDT to the TMRO module 
use the sequence shown in Example 7-3. This precau- 
tion must be taken even if the WDT is disabled. 


EXAMPLE 5-3: 
CHANGING PRESCALER 
(WDT~TMRO) 


EXAMPLE 5·2: 
CHANGING PRESCALER 
(TMRO~WDT) 


Clear 
WDT and 
prescaler 
Select 
TMRO, 
new 


prescale 
value 
and 


clock 
source 
1. 
BCF 
STATUS. 
RPO 
Bank 
0 
2. 
CLRF 
TMRO 
Clear 
TMRO 
3. 
BSF 
STATUS. 
RPO 
Bank 
1 


4. 
CLRWDT 
Clears 
WDT and 


prescale 


5. 
MOVLW 
B'xxxxlxxx' 
Select 
new 
prescale 


6. 
MOVWF 
OPTION 
value 


7. 
BCF 
STATUS. 
RPO 
Bank 
0 


Register 
Name 
Function 
Address 
Power-on 
Reset Value 


TMRO 
Timer/counter register 
01h 
xxxx 
xxxx 


OPTION 
Configuration and prescaler assignment 
81h 
1111 
1111 
bits for TMRO. See Figure 4-4 


INTCON 
TMRO overflow interrupt flag and mask bits 
OBh 
0000 
ooox 


See Figure 4-5 


Address 
Name 
Bit7 
Bit 6 
BitS 
Bit 4 
Bit 3 
Bit 2 
Bit 1 
Bit 0 


01 
TMRO 
TIMERO 


081813 
INTCON 
GIE 
PetE 
TOlE 
INTE 
B13le 
TOIF 
INTF 
R81F 


81 
OPTION 
RBPU 
INTEOO 
RTS 
RTE 
PSA 
PS2 
PS1 
PSO 


85 
TRISA 
- 
- 
TRISAS TRISA4 
TRfSA3 TRISA2 
TRlSA 1 
TRISAO 


legend 
- 
= Unimplemented 
locations, Read as '0' 
Shaded boxes are not used by TMRO module. 
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PIC16C84 


5.5 
OPTION Register 


The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the extemallNT 
interrupt edge 
select, the TMRO and the weak pull-ups on PORTS. 


PRESCALER VALUE 
o 
0 
0 
o 
0 
1 
o 
1 
0 
o 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 


TMRORATE 


:2 
:4 
:8 
: 16 
: 32 
:64 
: 128 
: 256 


WDTRATE 


1: 
1 


1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 


Prescaler assignment bit: 
0 
TMRO 
1 
WDT 


TMRO signal edge: 
o 
Increment on low-ta-high transition on RA4fTOCKI pin 


1 
Increment on high-to-Iow transition on RA4fTOCKI pin 


TMRO signal source: 
o 
Internal instruction cycle clock (CLKOU1) 
1 
Transition 
on RA4fTOCKI pin 


INT interrupt edge select 
0 
Interrupt on falling edge 
1 
Interrupt on rising edge 


PORTB pull-up enable 
RBPU = 0 : PORTB pull-ups are enabled by individual port-latch values 
RBPU = 1 : PORTB pull-ups are disabled overriding any port latch value 
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5.6 
EEPROM Data Memory 


The PIC16C84 has 64xS EEPROM data memory which 
is readable and writable during normal operation (full 
Voo range). This memory is not directly mapped in the 
register file space. 
Instead it is accessed through two 
registers: EEDATA<OSh> which holds the 8-bit data for 
read/write, EEADR<09h> which holds the address of 
the EEPROM location being accessed. 
The 64 bytes 
are in the address range Oh- 63h. Additionally, there are 
two 
control 
registers: 
EECON 1<SSh> 
and 
EECON2<S9h>. 


The EEPROM data memory allows byte read and write. 
A byte write automatically erases the location and writes 
the new data (erase before write). The EEPROM data 
memory is rated for high erase/write cycles. The write 
time is nominally 10 ms, and is controlled by an on-<:hip 
timer. 
The actual write-time will vary with voltage and 
temperature as well as from chip to chip. Please refer to 
AC specifications for exact limits. 


5.6.1 
EECON1 AND EECON2 REGISTERS 


EECON1 (address ash) is the control register with five 
low order bits physically implemented. The upper-three 
bits are non-existent and read as 'O's. 


Control bits RD and WR initiate read and write, respec- 
tively. These bits can only be set in software. They are 
reset in hardware at completion of read or write opera- 
tion. 
Inability to clear WR bit in software 
prevents 
accidental termination of a write operation prematurely. 


WREN bit, when set will allow a write operation. 
On 
power-up WREN = O. WRERR bit is set when a write 
operation is interrupted by MCLR reset or a WDT time- 
out reset during normal operation. 
In these situations, 


following reset the user can check for WRERR bit and 
rewrite the location. 
The data and address will be 
unchanged in EEDATA and EEADR registers. 


EEIF bit is the interrupt flag set when write is complete. 
It must be cleared in software. 


EECON2 is not a physical register. 
Reading EECON2 
will read 'O's. 


Address: 
88h 
RJW: Readable 
& writable 
Reset value: 
OOOOxOOObR: 
Read only 


Read control bit. Setting RD = 1 initiates an 
EEPROM read. Read takes one clock cycle. 
RD is cleared in hardware. 
RD bit can only be 
set (but not cleared) in software. 


Write control bit setting WR = 1 will initiate a 
write cycle. The bit is cleared 
by hardware 
once write is complete. 
WR bit can only be set 
(but not cleared) in software. 


EEPROM write enable bit. WREN = 0 inhibits 
wme to the data EEPROM. 
WREN = 1 allows 
write operation. 


WRERR error flag is set if a write operation is 
prematurely 
terminated 
by a MClR 
reset 
(during 
SLEEP or normal operation) or by a 
WDT reset during normal operation. 


EEPROM write completion 
interrupt flag bit. 


Set when write is completed. 
Must be reset in 
software. Corresponding 
enable bit is EEIE in 
INTCON register. 
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To read a data memory location, the user must write the 
address to the EEADR register and then set control bit 
RD (EECON 1<0». 
The data is available inthe very next 


cycle in the EEDATA register; therefore itean be read in 
the next instruction. 
EEDATA will hold this value until 


another read or until it is written to by the user (during a 
write operation). 


Various mechanisms are built in to prevent spurious 
EEPROM write. On power-up WREN is cleared. Also, 
the power-up timer (72ms duration) prevents EEPROM 
write. 


The write initiate sequence and the WREN bit together 
help prevent an accidental write during brown-out or 
power glitch or software malfunction. 


5.6.3 
WRITING TO THE EEPROM DATA 
MEMORY 


To write an EEPROM data location, the user must first 
write the address to EEADR register and the data to the 
EEDATA register. Then the user must follow a specific 
sequence to initiate write: 


Il\Ovlw 
movwf 
movlw 
movwf 
bsf 


55h 
EECON2 
AAh 
EECON2 
EECON1,WR 
;set WR bit 
;begin 
write 


Write will not initiate if this sequence (write 55h to 
EECON2, write AAh to EECON2, then set WR bit) is not 
followed with exact timing. 
The user must disable 


interrupts during this code segment. 


Additionally WREN bit in EECON 1 must be sello enable 
write. This mechanism is to prevent accidental writes to 
data EEPROM due to errant (unexpected) code execu- 
tion i.e. lost programs. 
The user is recommended to 
keep WREN off at all times except when updating 
EEPROM. 
Furthermore, the code segments that en- 
ables WREN and initiates write should be kept at sepa- 
rate locations to prevent accidental execution of both of 
them in the event of a software malfunction. 


At the end of the write, the WR bit is cleared in hardware 
and the EE write complete interrupt flag is set (bit EElF). 
The user can either enable this interrupt or poll this bit. 
EEIF must be cleared in software. 


Reqister 
Name 
Function 
Address 
Power-on-Reset 
Value 


EEDATA 
EEPROM data reaister 
08h 
xxxx xxxx 


EEADR 
EEPROM address reaister 
09h 
xxxx xxxx 


EECON1 
EEPROM control reaister1 
88h 
0000 xooo 


EECON2 
EEPROM control register2 
89h 
- 
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The PIC16CXX 
microcontrollers can be serially pro- 
grammed while in the end application circuit. 
This is 
simply done with two lines for clock and date and three 
other lines for power, ground and programming voltage. 
This allows customers to manufacture boards with un- 
programmed 
devices, 
and 
then 
program 
the 
microcontroller just before shipping the product. 
This 
allows the most recent firmware or a custom firmware to 
be programmed. 


The device is placed into a programlverify 
mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (vpp) pin from Vii to Vihh. 
RB6 becomes the 
programming clock and RB7 becomes the programming 
data. 
Both RB6 and RB7 are schmidt trigger inputs in 
this mode. 


After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location 00h. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com- 
mand was a load or a read. Forcomplete details of serial 
programming, please refer to the PIC16CXX Program- 
ming Specifications (Literature #0530169). 


A typical in-system serial programming connection is 
shown in Figure 6-1. 


FIGURE 6.1: 
TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 


Extemal 
I 
Connector 
I 
I 


PIC16CXX 
I 
Signals 
I 
I 
+sv 
voo 
I 
ov 
vss 
I 
Vpp 
I 
MCLRNpp 
I 
CLK 
I 


AB6 


I 


Data 
110 
I 
AS? 
I 
I 
I 
I 
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Each PIC16CXX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 7-2 lists byte-oriented, bit-oriented, 
and literal and control operations. 
Table 7-1 shows the 
opcode field descriptions. 


For byte-oriented instructions, 'f' represents a file regis- 
ter designator and 'd' represents a destination designa- 
tor. The file register designator 
specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 
'b' 
represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an 8- or 
11-bit constant or literal value. 


TABLE 7.1: 
OPCODE 
FIELD 
DESCRIPTIONS 


Field 
DescriDtion 


f 
Reaister file address 10xOOto Ox7F\ 
w 
Workina reaister (accumulator) 
b 
Bit address within an 8 bit file reoister 
k 
Literal field constant data or label 


x 
Don't care location (= 0 or 1) 
The assembler will generate code with x = 
O. It is the recommended form of use for 
comoatibilitv with all software tools. 


d 
Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d - 1 
'~ho'I 


TOS 
Too of Stack 
PC 
Proaram Counter 
PCLATH 
Prooram Counter Hioh Latch 


GIE 
Global Interruot Enable Bit 
WDT 
Watchdoa Timer Counter 
TO 
Time-out Bit 
PD 
Power-down Bit 
dest 
Destination either the W register or the 
specified reaister file location 
[ 
1 
Options 


( 
) 
Contents 


-7 
Assigned to 


< 
> 
Register bit field 


E 
In the set of 
italic 
User defined term 


The instruction set is highly orthogonal and is grouped 
into three basic categories: 


• 
Byte oriented operations 
• 
Bit oriented operations 
• 
Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true orthe program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1lISec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 lISec. 


Table 7-2 liststhe instructions recognized by the MPASM 
assembler. 


Figure 7-1 shows the three general formats that the 
instructions can have. 


Note: 
To maintain upward compatibility with fu- 
ture PIC16CXX products, go not use the 
OPTION and TAIS inWuctlons. 


All examples use the following format to represent a 
hexidecimal number: 


Oxhh 
where h signifies a hexidecimal digit. 


FIGURE 7.1: 
GENERAL 
FORMAT 
FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 
8 
7 
6 
0 


OPCODE 
I d I 
I(FILE #) 
d = 0 lor destination 
W 
d = 1 lor destination I 
1= 7-bit IiIe register address 


Bit-oriented file register operations 


13 
10 9 
7 
6 
0 


OPCODE 
I 
b(BIT #) I 
I(FILE #) 
b = 3-bit bit address 
1= 7-bit IiIe register address 


Literal and control operations 


13 
8 
7 
0 
I 
OPCODE 
k (LITERAL) 


k = 8-bil immediate value. 
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Mnemonic, 
Description 
Cycles 
14·Blt ODcode 
Status 
Notes 


Operands 
msb 
Isb 
Affected 


BYTE·ORIENTED FILE REGISTER OPERATIONS 


ADDWF 
I, d 
AddWand 
f 
1 
00 
0111 
dfff 
ffff 
C,DC,Z 
1,2 


ANDWF 
I, d 
AND Wand 
f 
1 
00 
0101 
dfff 
ffff 
Z 
1,2 


CLRF 
f 
Clearf 
1 
00 
0001 
Hff 
ffff 
Z 
2 


CLRW 
· 
ClearW 
1 
00 
0001 
Oxxx xxxx 
Z 


COMF 
I, d 
Complement 
f 
1 
00 
1001 
dfff 
ffff 
Z 
1,2 


DECF 
I, d 
Decrement f 
1 
00 
0011 
dfff 
ffff 
Z 
1,2 


DECFSZ 
I, d 
Decrement f, Skip if 0 
1 (2) 
00 
1011 
dfff 
ffff 
1,2,3 


INCF 
I, d 
Increment 
f 
1 
00 
1010 
dfff 
ffff 
Z 
1,2 


INCFSZ 
I, d 
Increment f, Skip if 0 
1 (2) 
00 
1111 
dfff 
ffff 
1,2,3 


IORWF 
I, d 
Inclusive OR Wand f 
1 
00 
0100 
dfff 
ffff 
Z 
1,2 


MOVF 
t, d 
Move I 
1 
00 
1000 
dfff 
ffff 
Z 
1,2 


MOVWF 
f 
Move W to I 
1 
00 
0000 
Hff 
ffff 


NOP 
· 
No Operation 
1 
00 
0000 
OxxO 0000 


RLF 
t, d 
Rotate left I through 
carry 
1 
00 
1101 
dfff 
ffff 
C 
1,2 


RRF 
t, d 
Rotate right t through 
carry 
1 
00 
1100 
dfff 
ffff 
C 
1,2 


SUBWF 
t, d 
Subtract W from I 
1 
00 
0010 
dfff 
ffff 
C,DC,Z 
1,2 


SWAPF 
t, d 
Swap halves I 
1 
00 
1110 
dfff 
ffff 
1,2 


XoRWF 
t, d 
Exclusive OR Wand I 
1 
00 
0110 
dfff 
ffff 
Z 
1,2 


BIT-ORIENTED FILE REGISTER OPERATIONS 


BCF 
t, b 
Bit Clear f 
1 
01 
OObb bfff 
ffff 
1,2 


BSF 
t, b 
Bit Set I 
1 
01 
01bb 
bfff 
ffff 
1,2 


BTFSC 
t, b 
Bit Test I, Skip il Clear 
1 (2) 
01 
10bb 
bfff 
ffff 
3 


BTFSS 
t, b 
Bit Test I, Skip il Set 
1 (2) 
01 
11bb 
bfff 
ffff 
3 


LITERAL AND CONTROL OPERATIONS 


ADDLW 
k 
Add literal to W 
1 
11 
111x 
kkkk 
kkkk 
C,DC,Z 


ANDLW 
k 
AND literal to W 
1 
11 
1001 
kkkk 
kkkk 
Z 


CALL 
k 
Call subroutine 
2 
10 
Okkk 
kkkk 
kkkk 
-- 
CLRWDT 
· 
Clear watchdog timer 
1 
00 
0000 
0110 
0100 
TO, PO 
GoTo 
k 
Go to address 
2 
10 
1kkk 
kkkk 
kkkk 


IORLW 
k 
Inclusive OR literal to W 
1 
11 
1000 
kkkk 
kkkk 
Z 


MOVLW 
k 
Move literal to W 
1 
11 
OOxx 
kkkk 
kkkk 
RETFIE 
· 
Return Irom interrupt 
2 
00 
0000 
0000 
1001 


RETLW 
k 
Return with literal in W 
2 
11 
01xx 
kkkk 
kkkk 
RETURN 
· 
Return lrom subroutine 
2 
00 
0000 
0000 
1000 
-- 
SLEEP 
· 
Go into standby mode 
1 
00 
0000 
0110 
0011 
TO, PO 
SUBLW 
k 
Subtract W from literal 
1 
11 
110x 
kkkk 
kkkk 
C,DC,Z 


XORLW 
k 
Excl. OR literal to W 
1 
11 
1010 
kkkk 
kkkk 
Z 


Notes: 1. When an 1/0 register is modified as a function of itse~ ( e.g. MOVF POATS, 1), the value used will be that value present on 
the pins themselves. 
For example, if the data latch is "1" for a pin configured as input and is driven low by an extemal device, 
the data will be written back with a '0'. 


2. If this instruction 
is executed on the TMAO register (and, where applicable, d=1), the prescaler will be cleared if assigned to 
theTMAO. 
3. If Program Counter (PC) is modified or a conditional 
test is true, the instruction 
requires two cycles. 
The second cycle is 
executed as a NOP. 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label] 
ADDLW 
k 


OskS255 


(W) + k-+W 
C,DC,l 


~ 
The contents of the W register are 
added to the 8-bit literal ok" and the 
result is placed in the W register. 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label] 
ANDLW 
k 


OSkS255 


(W) .AND. (k) -+ W 
l 


~ 
The contents of W register are AND'ed 
with the 8-bit literal"k". 
The result is 


placed in the W register. 


ANDLW 
Ox5F 


Before Instruction 
W = 
OxA3 


After Instruction 
W = 
Ox03 


AND Wwith f 


[label] 
ANDWF 
f,d 


Os fs 127 
de 
[0,1] 


(W) .AND. (f) -+ dest 
l 


~ 
AND the W register with register"f'. 
If 


"d" is 0 the result is stored in the W 
register. If"d" is 1 the result is stored 
back in register"f'. 


ANDWF 
FSR, 
1 


Before Instruction 
W 
= 
Ox17 
FSR = 
OxC2 


After Instruction 
W 
Ox17 
FSR = 
Ox02 


Before Instruction 
W = 
Ox10 


After Instruction 
W = 
0x25 


ADD Wto f 


[label] 
ADDWF 
f,d 


OSfS127 
de 
[0,1] 


(W) + (f) -+ (dest) 
C,DC,l 


~ 
Add the contents of the W register to 
register "f'. 
If "d" 
is 0 the result is 
stored in the W register. If "d" is 1 the 
result is stored back in register "f'. 


Before Instruction 
W 
= 
Ox17 
FSR 
= 
OxC2 


After Instruction 
W 
OxD9 
FSR 
= 
OxC2 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


BSF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Bit Clearf 


[label] 
BCF 


0~1~127 
0~b~7 
o --+ f<b> 


None 


~ 
Bit "b" in register "l" is reset to O. 


BCF 
FLAG_REG, 7 


Belore Instruction 
FLAG_REG = 
OxC7 


Alter Instruction 
FLAG_REG = 


Bit set f 


[label] 
BSF 


0:s;1:s;127 
O:s;b:s;7 


1 --+ f<b> 


None 


~ 
Bit "b" in register "l" is set to 1. 


BSF 
FLAG_REG, 7 


Belore Instruction 
FLAG_REG = 
OxOA 


Alter Instruction 
FLAG_REG = 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Bit Test. skip if Clear 


[label] 
BTFSC 
I,b 


0~1~127 
0:s;b~7 


skip il (f<b» = 0 


None 


~ 
II bit 'b' in register 'f is '0' then the next 
instruction is skipped. 


II bit 'b' is '0', the next instruction, 
letched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


1(2) 


HERE 
BTFSC 
FALSE 
GOTO 
TRUE 


FLAG,l 
PROCESS_CODE 


Belore Instruction 
PC = address 
HERE 
Alter Instruction 


if FLAG<1> = 0, PC = address 
TRUE 


if FLAG<1> = 1, PC = address 
FALSE 


Bit Test. skip if set 


[label] 
BTFSS 
I,b 


O:s;I:s; 127 
0~b~7 


skip if (f<b» 
= 1 


None 


~ 
II bit "b" in register"l" 
is "1" then the 
next instruction is skipped. 


II bit "b" is "0", the next instruction, 
letched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two- 
cycle instruction. 


1 (2) 


HERE 
FALSE 
TRUE 


BTFSC 
GOTO 


FLAG,l 
PROCESS_CODE 


Belore Instruction 
PC = address 
HERE 
Alter Instruction 


if FLAG<l> 
= 0, PC = address 
FALSE 


if FLAG<l> 
= 1,PC = address 
TRUE 
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CALL 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


CLRF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subroutine Call 


[label] 
CALL 
k 


0:5k:52048 


(PC) + 1 ~ TOS, 
k ~ 
PC<10:0>, 
(PCLATH<4:3» 
~ 
PC<12:11>; 


None 


~ 
Subroutine call. First, retum address 
(PC + 1)is pushed onto the stack. The 
11-bit immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH (103). 
CALL is a two-<:ycle instruction. 


1 


2 


HERE 
CALL 
THERE 


Before Instruction 
PC 
= 
Address HERE 


After Instruction 
PC 
= 
Address THERE 
TOS = 
Address HERE 


Clearf 


[label] 
CLRF 


0:5f:5127 


OOh~f 
1~Z 


Z 
~ 
The contents of register "f'are cleared 
and the Z bit is set. 


CLRF 
FLAG_REG 


Before Instruction 
FLAG_REG = 
Ox5A 


After Instruction 
FLAG_REG = 
OxOO 
Z=1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


CLRWDT 


Syntax: 


Operands: 


Operation: 


Status Affected: 
Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Clear W Register 


[label] 
CLRW 


None 


OOh~(W) 
1 ~Z 


Z 


~ 
W registered is cleared. Zero bit (Z) is 
set. 


CLRW 


Before Instruction 
W 
= 
Ox5A 


After Instruction 
W 
OxOO 
Z 
= 
1 


Clear Watchdog Timer 


[label] 
CLRWDT 


None 


OOh~WDT, 
o ~ WDT prescaler, 


1 ~TO 


1 ~PO 


TO, PO 


~ 
CLRWDT 
instruction 
resets 
the 
Watchdog Timer. 
It also resets the 
prescaler of the WDT. Status bits TO 
and PO are set. 


CLRWDT 


Before Instruction 
WDT counter = ? 


After Instruction 
WDT counter = OxOO 
WDT prescale = 0 


TO =0 
PO =0 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Complement 
f 


[label] 
COMF 
f,d 


0$ f $127 
dE [0,1] 


(f) ~ 
(dest) 


Z 


~ 
The contents of register"f' are comple- 
mented. If"cr is 0 the result is stored 
in W. If"cr is 1the result is stored back 
in register "f'. 


COMF 
REG1, 
0 


Before Instruction 
REG1 = Ox13 


After Instruction 
REG1 = Ox13 
W 
= OxEC 


[label] 
DECF 
f,d 


0$f$127 
dE [0,1] 


(f)-1 ~ (dest) 


Z 


~ 
0011 I dfff 
I 
ffff 
I 


Decrement register "f'. If "d" is 0 the 
result is stored in the W register. If "d" 
is 1the result is stored back in register 
"f'. 


1 


1 


DECF 
CNT, 
1 


Before Instruction 
CNT = 
Ox01 
Z 
= 
0 


After Instruction 
CNT = 
OxOO 
Z 
= 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Decrement 
1. skip if 0 


[label] 
DECFSZ 
f,d 


0$ f$127 
dE [0,1] 


(f) - 1 ~ d; skip if result = 0 


None 


~ 
The contents of register "f' are decre- 
mented. If "d" is 0 the result is placed 
in the W register. If"cr is 1 the result 
is placed back in register "f'. 


If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 


HERE 
'DECFSZ 
GOTO 


CONTINUE· 


CNT, 
1 


LOOP 


Before Instruction 
PC = address 
HERE 


After Instruction 


CNT=CNT-1 


if CNT = 0, PC = address 
CONTINUE 


if CNT '¢ 0, PC = address 
HERE 
+ 
1 


Unconditional 
Branch 


[ label] 
GOTO 
k 


0$k$2048 


k ~ PC<10:0>, 
(PCLATH<4:3» 
~ 
PC<12:11 > 


None 


~ 
GOTO is an unconditional 
branch. 
The eleven bit immediate 
value is 
loaded into PC bits <10:0>. The up- 
per 
bits 
of 
PC are 
loaded 
from 
PCLATH <4:3>. 
GOTO is a two- 
cycle instruction. 


1 


2 


GOTOTHERE 


After Instruction 
PC 
= Address of THERE 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


INCFSZ 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label] 
INCF 
I,d 
o ~ I ~ 127 
dE [0,1] 


(I) + 1 ~ (dest) 


Z 


~ 
The contents 01register "f are incre- 
mented. 11"ct"is 0the result is placed 
in the W register. 11"ct"is 1 the result 
is placed back in register "f. 


INCF 
CNT, 
1 


Belore Instruction 
CNT = 
OxFF 
Z 
= 
0 


Alter Instruction 
CNT = 
OxOO 
Z 
= 
1 


Increment 
f, skip if 0 


[label] 
INCFSZ 
I,d 


Osl 
s127 
dE [0,1] 


(I) + 1 ~ (dest), skip il result = 0 


None 


~ 
1111 
I 
clfff 
I 
ffff 
I 


The contents 01register "f are incre- 
mented. If "d" is 0the result is placed 
in the W register. If"ct" is 1 the result 
is placed back in register "f. 


If the result is 0, the next instruction, 
which isalready letched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 


HERE 
INCFSZ 
GOTO 


CONTINUE· 


CNT, 
1 


LOOP 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


[label) 
IORLW 
k 


OskS255 


(W) .OR. (k) ~ (W) 


Z 


~ 
The contents 01 the W register are 
OR'ed with the 8-bit literal Ok". The 
result is placed in the W register. 


IORLW 
Ox35 


Belore Instruction 
W = Ox9A 


After Instruction 
W = OxBF 


Inclusive 
OR W with f 


[label) 
IORWF 
I,d 


Osls127 
dE [0,1) 


(W) .OR. (I) ~ (dest) 


Z 


~ 
Inclusive OR the W register with reg- 
ister "f. If "d" is 0 the result is stored 
in the W register. If"ct" is 1 the result 
is stored back in register "f. 


Belore Instruction 
PC = address 
HERE 


Alter Instruction 


CNT=CNT+ 
1 


if CNT = 0, PC = address 
CONTINUE 


if CNT '" 0, PC = address 
HERE + 1 


Belore Instruction 
RESULT = 
Ox13 


W 
= 
Ox91 


Alter Instruction 
RESULT = 
Ox13 


W 
= 
Ox93 
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Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


MQVF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Move Literal to W 


[label) 
MOVLW 
k 


OskS255 


k --+ (W) 


None 


~ 
The 
8-bit literal "k" is loaded into W 


register. 


MOVLW 
Ox5A 


After Instruction 
W = 
Ox5A 


Movef 


[label) 
MOVF 
f,d 


Os fS127 
dE [0,1) 


(f) --+ (dest) 


Z 


~ 
The contents of register f is moved to 
destination d. If d=O,destination is W 
register. If d = 1, the destination is file 
register f itself. d = 1 is useful to test 
a file register since status flag Z is 
affected. 


MOVF 
FSR, 
0 


After Instruction 


W = 
value in FSR register 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


MoveWtof 


[label) 
MOVWF 


OsfS127 


(W) --+ (f) 


None 


~ 
Move data from W register to register 
T. 


1 


1 


Before Instruction 
OPTION 
= OxFF 
W 
Ox4F 


After Instruction 
OPTION 
Ox4F 
W 
Ox4F 


No Qperatlon 


[label) 
NOP 


None 


No operation 


None 


~ 
No operation 
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PIC16C84 


OPTION 


Syntax: 


Operands: 
Operation: 


Status 
Affected: 


Encoding: 
Description: 


Words: 
Cycles: 


Example: 


Load Option Register 


[ (abet J 
OPTION 


None 


W ••• OPTION; 


None 
I 00 I <moo t 011.0 I 00101 


The contents 
of the W register is 
loaded in the OPTION register. 
This 
instruction 
lssupportedforcodecom- 
patibillty 
with PIC16C5X 
prodUcts. 
Since OPTION isa readable/Wtilab[e 
register, theusercan dlrectly address 
It. 


I 


TOmaintain upward compatibility 
wltllfuture 
PIC16CXX products, 
do 
not use this instruction. 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Return from Interrupt 


[label] 
RETFIE 


None 


TOS~ 
PC, 
1 ~ 
GIE; 


None 


~ 
Return 
from 
Interrupt. 
Stack 
is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en- 
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN- 
TCON<7». 
This is a two-cycle 
instruction. 


RETFIE 


After Interrupt 
PC 
= TOS 
GIE = 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Return 
Literal 
to W 


[label] 
RETLW 
k 


O~k~255 


k ~ W; TOS ~ 
PC; 


None 


~ 
The W register is loaded with the 8- 
bit literal "k". The program counter is 
loaded from the top of the stack (the 
return address). 
This is a two-cycle 
instruction. 


Words: 


Cycles: 


Example: 


CALL 
TABLE 
Wcontains 
table 
offset 


value 
W now has 
table 
value 


TABLE ADDWFPC 
RETLW kl 
RETLW k2 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Before Instruction 
W 
= Ox07 


After Instruction 
W = value of k7 


Return 
from Subroutine 


[label) 
RETURN 


None 


TOS ~PC; 


None 


~ 
Retum from subroutine. The stack is 
popped and the top olthe stack (TOS) 
is loaded into the program counter. 
This is a two-eycle instruction. 


RETURN 


After Interrupt 
PC = TOS 
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Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Syntax: 


Operands: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Rotate Left f through Carry 


[label] 
RLF 
f,d 


0~f~127 
dE [0,1] 


f<n> ~ d<n+1>, k7> ~ C, C --+ 
d<O>; 


C 


~ 
The contents of registerT 
are rotated 
1-bit to the left through the Carry Flag. 
If "d" is 0 the result is placed in the W 
register. If"d" is 1 the result is stored 
back in register T. 
c01 
register f b 


RLF 
REG1,O 


Before Instruction 


REG1 = 
11100110 
C 
= 
0 


After Instruction 
REG1 = 
11100110 
W 
= 
11001100 
C 
= 
1 
Rotate Right f through Carry 


[label) 
RRF 
f,d 
o ~f~ 
127 
dE [0,1) 


kn> 
~ d<n-1>, 


kO> 
~C, 


C~d<7>; 


C 


~ 
The contents of registerT 
are rotated 
1-bit to the right through the Carry 
Flag. If "d" is 0 the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register T. 
@ 
registerf b 


RRF 
REG1,O 


Before Instruction 
REG1 = 
11100110 
C 
= 
0 


After Instruction 
REG1 
11100110 
W 
01110011 
C 
1 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


SUBLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


[label) 
SLEEP 


None 


DOh~WDT, 
o ~ WDT prescaler 
1 ~TO, 
O~PD 


TO,PD 


~ 
The power down status bit (PD) is 
cleared. Time-out status bit (TO) is 
set. Watchdog 
Timer and its pres- 


caler are cleared. 


The processor isput into SLEEP mode 
with the oscillator stopped. See sec- 
tion on SLEEP mode for more details. 


Subtract W from Literal 


[label) 
SUBLW k 


0~k~255 


k-(W) 
~(W) 


C,DC,Z 


~ 
The W register is subtracted (two's 
complement 
method) from the a-bit 


literal "k". The result is placed inthe W 
register. 


SUBLW 
OX02 


Before Instruction 
W 
1 
C 
? 
After Instruction 
W 
1 
C 
1 


Before Instruction 
W 
3 
C 
? 


After Instruction 
W 
FF 
C 
= 
0 
; result is negative 
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SUBWF 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example 1: 


SWAPF 


Syntax: 


Operands: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Subtract W from f 


[label] 
SUBWF 
f,d 


0:5f:5127 
dE [0,1] 


(f)-(W) --+ (dest) 


C,DC,Z 


~ 
Subtract (two's complement method) 
the W register from register T. If"cf 
is 0 the result is stored 
in the W 
register. If"cf is 1 the result is stored 
back in register T. 


SUBWF 
REG1,1 
Before Instruction 
REGl = 0 
W= 1 
C=? 
After Instruction 
REGl = FF 
W=l 
C = 0 
; result is negative 
Before Instruction 
REGl = FF 
W=O 
C=? 
After Instruction 
REGl = FF 
W=O 
C = 1 
; result is positive 


Swapf 


[label] 
SWAPF 
f,d 


0:5 f:5127 
dE [0,1] 


1<0:3> --+ d<4:7>, 
1<4:7> --+ d<0:3>; 


None 


~ 
The upper and lower nibbles of regis- 
ter T are exchanged. 
If "d" is 0 the 
result is placed in W register. If "d" is 
1 the result is placed in register T. 


SWAPF 
REG, 
0 


Before Instruction 
REG = OxA5 


After Instruction 
REG = OxA5 
W 
= Ox5A 


TBI§ 


Syntax: 


Operands: 
Operatloo: 


Status Affacted: 


EncodIi1g: 


Description: 


XORLW 


Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Load IBIS Register 


[label] 
TAIS 


5st~7 


W --+ TAts ~ 
f; 


None 
t . 00 I 0000 
10-110 I O~ff I 
this instruction issupportedforcode 
/ CQ!11P8tibiIity~1hePIC16C5XPWd- 


ucts. 
Since TRtS registers are 
~ 
and Writable.the ~r 
can 
dIi'ectIY addressttlem. 


To maintain upward compatlblll 
wltbfuture 
PlC16CXXpl'O!:tucts. 
not use thlslnstructlon. 


Exclusive OR literal with W 


[label] 
XORLW 
k 


0:5k:5255 


(W) .XOR. k --+ (W) 


Z 


~ 
The contents of the W register are 
XOR'ed with the 8-bit literal Ok".The 
result is placed in the W register. 


XORLW 
OxAF 


Before Instruction 
W 
= OxB5 


After Instruction 
W 
= OxlA 
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Syntax: 


Operands: 


Operation: 


Status Affected 


Encoding: 


Description: 


Words: 


Cycles: 


Example: 


Exclusive 
OR W with f 


[label) 
XORWF 
f,d 


Osfs 
128 
dE [0,1) 


(W) .XOR. (f) -7 (dest) 


Z 


~ 
Exclusive OR the contents of the W 
register with register T. 
If "d" is 0 the 
result is stored in the W register. If"d" 
is 1the result is stored back in register 
T. 


1 


1 


XORWF 
REG, 1 


Before Instruction 
REG 
= OxAF 
W 
= OxBS 


After Instruction 
REG 
Ox1A 
W 
= OxB5 
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8.1 
Development 
Tools 


The PIC16C5X and PIC16CXX 
microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


PICMASTERTM Real-Time In-Circuit Emulator 
PRO MATETMUniversal Programmer 
PICSTARTTM Low-Cost Prototype Programmer 
• 
Assembler 
• 
Software Simulator 


8.2 
PICMASTERTM: High Performance 
Universal In-Circuit 
Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development 
engineer 
with a complete microcontroller 
design tool set for all 
microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all 
new 
PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-A TTMclass 
ISA-bus systems through the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft Window~ 
3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation 
system with advanced 
features 
generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


Host-Interface Card 


Emulator Control Pod 
• 
Target-Specific Emulator Probe 
PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. 
With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller 
systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


8.3 
PRO MATETM:Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Voo and VPp sup- 
plies which allows it to verify programmed memory 
at 
Voo min and Voo max for maximum reliability. 
It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verily or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory holds data and parametric 
information 
even 
when powered down. 
It is ideal for low to moderate 
volume production. 


Common 
Interface Card 
pc Compatible 
Computer 
(AT/ISA Bus) (for Industry 
Standard Architecture) 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface isfull-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Voo min, Voo max and VPp levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. 
Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, 
serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular 'programming 
socket 
module'. 
Different socket modules are required for 
different 
processor 
types 
and/or 
package 
types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


8.4 
PICSTARTTM 
Programmer 


The PICSTARTTM programmer is an easy to use, very 
low-eost prototype programmer. 
It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface isfull-screen and menu- 
based. 


8.5 
Assembler 
(MPASM) 


Cross Assembler is a PC hosted symbolic assembler. 
It 
supports 
all 
microcontroller 
series 
inclUding 
the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development 
tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 
assembled code. 


• 
Macro Directives 
control the execution and data 
allocation within macro body definitions. 


8.6 
Software 
Simulator 
(MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The inpuVoutput 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


9.7 
Development 
Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 9-1: 


TABLE 
8-1: 
DEVELOPMENT 
SYSTEM 
PACKAGES 


Item 
Name 
SystemDescription 


1. 
PICMASTERTMPICMASTERIn-CircuitEmulator 
System 
with your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTARTTM 
PICSTARTTM 
Low-CostPrototype 
System 
Programmer,Assembler,Software 
SimulatorandSamples 


9.8 
Probe 
Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE-16C 
PIC16C84 
10 MHZ I 4.5V - 5.5V 
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Absolute Maximum Ratingst 


Ambient temperature under bias .......................•...................................................................................... 
-SS to+ 12S'C 


Storage Temperature .......•.........................................................•........................•.......•....................... 
- 6S'C to +1S0'C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) •............•....•................•.....................................•......................................... 
-0.6V to Voo +O.6V 


Voltage on Voo with respect to Vss 
0 to +7.S V 


Voltage on MCLR with respect to Vss 
(Note 2) ............................•..............•.......•.......................•.......•..............•........................................................ 
0 to +14 V 


Total power Dissipation (Note 1) ................................................•.........•.•..................................•.........•............... 
BoomW 
Max. Current out of Vss pin ...............•................................................................................................................. 
150mA 


Max. Current into Voo pin 
100mA 
Input clamp current, 
11K (VI<Oor VI> Voo) 
±20mA 


Output clamp current, 
10K (VO<Oor VO> Voo) ..•................................................................................................... 
±20mA 


Max. Output Current sunk by any I/O pin 
2SmA 
Max. Output Current sourced by any I/O pin ...•..................................................................................................... 
20mA 


Max. Output Current sunk by I/O PORTA 
BOmA 
Max. Output Current sunk by I/O PORTS 
1S0mA 
Max. Output Current sourced by I/O PORTA 
SOmA 


Max. Output Current sourced by I/O PORTS ....................................................................................................•.. 
100mA 


Notes: 
1. 
Total power dissipation should not exceed BOOmW for the package. 
Power dissipation is calculated as 
follows: 


Pdis = Voo x (100 - L loh} + L ((Voo-Voh) x loh} + L(Vol x 101) 
2. 
Voltage spikes below Vss at the MCLR pin, inducing currents greater than BOmA,may cause latch-up. Thus, 
a series resistor of SO-1oon should be used when applying a "low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 


tNoTICE: 
StresseSabQv$thoselfsted under "Maxlmumlffatil)gs"'may caUsepermanent damage to the 
device. This f$ a stress rating only and functIOnal operation of the device or compliance to AC and DC 
parametric specifications at those or any other conditions above those indicated In the operation listings 
of~l$spElCjfleation is notlml?lied•.~r&tq~mlJ",ratlOQcon<lftjo~ 
forextende(JperiodS mayaffect 
device reliability. 


~[l'@OO[ffij)O[ftHID[l'W 


2-SB2 


9.1 
DC CHARACTERISTICS: 
PIC16C84-04 
(COMMERCIAL, 
INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 
(COMMERCIAL, 
INDUSTRIAL, AUTOMOTIVE) 


Standard 
Operating 
Conditions 
(unless otherwise 
stated) 
Operating temperature 
-4O'C 
:5TA:S;+ 125'C for automotive, 


-40'C 
:5TA:S;+ SS'C for industrial and 
O·C 
:5TA:S;+70'C for commercial 
Operating voltage 
Voo = 4.0V 
to 6.0V 


Typ 
Min 
(Note 1) Max 
Units 


RAM Data Retention 


Vonage (Note 2) 


Voo start voltage to 
guarantee 
power on reset 


Voo rise rate to guarantee 


power on reset 
Supply Current 
(Note 3) 


Voo 
4.0 
6.0 
V 
4.S 
S.S 
V 
VOR 
1.S 
V 


VPOR 
Vss 


Svoo 
O.OS* 


Fosc = 4 MHz,Voo= S.SV(NoteS) 
Fosc = 32 KHz,Voo= 4.0V,WDT disabled, 
LPoscconfiguration 
Fosc = 10 MHz,Voo= S.SV,HSosc configuration 
(PIC16C84-10only) 
Power Down Current 


(Note 4) 


28 
~ 
14 
~ 
16 
~ 


TSD 
~ 


Voo= 4.0V,WDT enabled,-40'C to +8S'C 
Voo= 4.0V,WDT disabled,O'Cto +70'C 
Voo= 4.0V,WDT disabled,-40'Cto +8S'C 
Voo= 4.0V,WDT disabled,-40'Cto +12S'C 


Note 1: 
Dat 
in Qc 
umn labeled "Typical" is based on characterization 
results at 25·C. This data is for design 
guidan 
on 
and is not tested for, or guaranteed by Microchip Technology. 
Note 2: 
This is the' 
t to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 3: 
The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, intemal code execution pattem, and temperature also have an impact 
on the current 
consumption. 


The test conditions for all 100 measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all I/O pins tnstated, pulled to Voo, TOCKI = Voo, MCLR = Voo; 
WDT enabled/disabled 
as specified. 
Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Voo and Vss. 


Note 5: 
For RC osc configuration, current through Rext (external pull-up resistor) is not included. The current through 
the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
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Standard Operating Conditions (unless otherwise stated) 


Operating 
temperature 
-40·C 
~ TA ~ + 125·C for automotive, 


-40·C 
~ TA ~ + 85·C for industrial 
and 


O·C 
~ TA ~ +70·C 
for commercial 


Operating 
voltage 
Voo = 2.0V 
to 6.0V 


Typ 
Mln 
(Note 1) Max 


Voo 
2.0 
6.0 
V 


4.5 
5.5 
V 


RAM Data Retention 
VOR 
1.5 
V 


Voltage (Note 2) 
Voo start voltage to 
VPOR 
Vss 
V 


guarantee power on reset 


Voo rise rate to guarantee 
Svoo 
0.05" 
power on reset 


Supply Current 
(Note 3) 


100 
1.8 
15 


Power Down Current 
(Note 4) 
Ipo 


Note 2: 


Note 3: 


4 MHz, Voo = 5.5V (Note 5) 


sc = 32 KHz, Voo = 2.0V, WDT disabled, 


LP osc configuration 


Voo = 2.0V, WDT enabled, -40·C to +85·C 


Voo = 2.0V, WDT disabled, O·Cto +70·C 
Voo = 2.0V, WDT disabled, -40·C to +85·C 


voo = 2.0V, WDT disabled, -40·C to +125·C 


t 


I" 
b sed on characterization 
results at 2S'C. This data is for design guidance only and 


. rochip Technology. 


n 
e lowered in SLEEP mode without losing RAM data. 


function of the operating voltage and frequency. 
Other factors such as I/O pin loading and 


, intemal 
code execution 
pattern, 
and temperature 
also have an impact 
on the current 


Data in the column la 


is not tested for, or 
'If6l)I 


This is the limit to 
ic~o 


The supply 
rent I 
ainl 


switchin 
at~il 
tor 


consumpti 
. 


The test condl' 
ns 
r all 100 measurements 
in active operation mode are: 


OSC1=external 
uare wave, from rail to rail; all I/O pins tristated, pulled to Voo, TOCKI = Voo, MCLR = Voo; WDTenabledl 


disabled as specified. 


The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 


part in SLEEP mode, with all I/O pins in hi-impedence 
state and tied to Voo and Vss. 


For RC osc configuration. 
current through Rext (external pull-up resistor) is not included. The current through the resistor 


can be estimated 
by the formula 
Ir = Vool2Rext 
(mA) with Rext 
in kOhm. 


Note 4 : 


NoteS: 


Data in the column labeled "Typical· is based on characterization 
results at 2S ' C. This data is for design guidance only and 


is not tested for, or guaranteed 
by Microchip Technology. 


In RC oscillator configuration, 
the OSCl 
pin is a SChmitt trigger input. 
It is not recommended that the PIC16C64 be driven 


with external clock in RC mode. 


The leakage current on the MCLR pin is strongly dependent 
on the applied voltage level. The specified 
levels represent 


normal operating conditions. 
Higher leakage current may be measured at different input voltages. 


Negative current is defined as coming out of the pin. 


The user may use better of the two specifications. 
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9.3 
DC CHARACTERISTICS: 
PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16lC84-04 
(COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


DC CHARACTERISTICS 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 


Operating 
temperature 
-4O'C 
S TA:S +12S'C 
for automotive, 


-40 :STA :S+85'C 
for industrial 
and O·C S TA S +70'C 
for commercial 
Operating 
voltage 
Voo 
range 
as described 
in DC spec Tables 
9.1 and 9.2 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions • 


(Note 
1) 


Input Low Voltage 


I/O ports 
VIL 
vss 
0.2 Voo 
V 


MCLR, TOCKI 
Vss 
0.2 Voo 
V 


OSCl (in RC configuration) 
Vss 
0.1 Voo 
Note 2 


OSCl (in XT, HS and LP 
Vss 
0.3 Voo 
V 


configuration) 
Input High Voltage 


I/O ports 
VIH 
2.0 
Voo 
0.7 voo 


MCLR, TOCKI, OSCl 
0.8S voo 
Voo 


(in RC configuration) 


OSCl (XT, HS and LP 
0.7 Voo 


configuration) 
Input Leakage Current 


(Notes 3, 4) 
I/O ports RA, RB 
IlL 
Vss :SVPIN:SVoo. Pin at hi-impedance 


MCLR, TOCKI 
VSS:SVPIN:Svoo 


OSCl 
Vss :SVPIN:SVoo , XT, HS and LP osc 
configuration 


PortH Weak Puli-u 
Current 
Ipu 
VPIN= Vss Voo = S.OV 


Output Low Voltage 
I/O Ports 
0.6 
V 
10L= 8.SmA, Voo = 4.SV, -40'C to +8S'C 
0.6 
V 
IOL= 6.0mA, Voo = 4.SV, -40'C to +12S'C 


OSC2ICLKOUT 
0.6 
V 
IOL= 1.6mA, Voo = 4.SV, -40'C to +8S'C 
(RC osc configuration) 
0.6 
V 
10L= 1.2mA, Voo = 4.SV, -40'C to +12S'C 


Output High Vonage 


I/O Ports (Note 4) 
V 
10H= -3.0mA, Voo = 4.SV, -40'C to +8S'C 
V 
10H= -2.SmA, Voo = 4.SV, -40'C to +12S'C 


OSC2ICLKOUT 
V 
10H= -1.3mA, Voo = 4.SV, -40'C to +8S'C 


RC osc configuration 
V 
10H= -1.0mA, Voo = 4.SV, -40'C to +12S'C 


Data EEPROM 


Endurance 
Ed 
100,000 
1,000,000 
EJIN 


cycles 
Voo for readlwrite 
Vdrw 
Full Voo range 


Eraselwrite 
c cle time 
tdew 
10 
ms 


Program EEPROM Memory 
See section 11 for more details on 
programming 


Endurance 
Ep 
100 
1000 
EJIN 


cycles 


Eraselwrite 
cycle time 
tpew 
10 
ms 


Voo for read 
Vpr 
Full Voo range 


Voo for erase/write 
Vpw 
4.S 
S.S 
V 


Notes on previous 
page. 


C 1994 Microchip Technology 
Incorporated 
[F)IT'®~ 0 I1DD0 lJll®IT'W 
DS30081C-page 
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PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16lC84-04 
(COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


External CLOCKINFrequency 
(Note 2) 


Oscillator Frequency 
(Note 2) 


Standard 
Operating 
Conditions 
(unless otherwise 
stated) 


Operating temperature 
-40'C ~ TA ~ +12S'C 
for automotive, 


-40 ~ TA ~ +8S'C for industrial 
and O'C ~ TA ~ +70'C 
for commercial 


Operating voltage VDDrange as described in DC spec Tables 9.1and 9.2 


Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 1) 


O.STcY+20* 
O.STcY+20* 


ns 
~ 
ns 


ns 
ns 
ns 
ns 
Note 6 
ns 
Note 6 
ns 
Note 6 
ns 
Note 6 


ns 


ns 
Note 3 
ns 
Note 3 


ns 
Note 3 
ns 
Note 3 
ns 
Note 3. Where N = preseale 
value (2,4, ..., 2S6) 


33* 
ms 
Voo = SV, ·40"C to +12S"C 


TRTH 
SO 


TRTL 
SO 


TRTP 


TCYt40 
r-N- 


TOST 


TPWRT 
28* 
1024tose 
ms 
tose = OSC1 period 


72* 
132* 
ms 
Voo = SV, -40"C to +12S"C 


(ConI. on next page) 
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• These parameters are characterized, but not tested. 


NOTESTOTABLE>.' 
~ 


Note 1: 
'cal i 
e 
n characterization 
results at 2S·C. This data is for design guidance only and 
b 
icro 
ip Technology. 


Note 2: 
Instruction 
cycle per' tt~) 
s 
ur times the input oscillator time base period. 


All specified value 
ase 
acterization data for that particular oscillator type under standard operating conditions 


with the devic 
iXJl(,uti 
ode. 
xceeding these specified limits may result in an unstable oscillator operation and/or higher 
than expec 
d c6cLeht 
ons 
ption. All devices are tested to operate at 'min: 
values with an external clock applied to the 
OSC1 pin. 
Whenan extern 
I 
k Input Is used, the "Max." cycle lime limit Is "DC" (no clock) for alt devices. 
Note 3: 
For a detailed explanation of TMRO input clock requirements 
see Section 6.4.1. 


Note 4: 
Clock-in high-time 
is the duration for which clock input is at VIHOSCor higher. 
Clock-in low-time 
is the duration for which 
clock input is at VIHOSCor lower. 


Note S: All AC parameters are tested or characterized with these capacitive loads. 
Note 6: 
CLKOUT is available only in RC oscillator 
mode. 


/0 Timing 
1/0 Pin Input Valid Before CLKOUTi 
1/0 Pin Input Hold After CLKOUTi 
1/0 Pin Output Valid After CLKOUT.j. 


1/0 Pin Input Valid Before OSCi 
(1/0 Setup Time) 
OSC1i to 1/0 pin input invalid 


(110 hold time) 
OSC1i to 1/0 pin output valid 
1/0 pin output rise time 
1/0 pin output fall time 
Interrupt Timing 
INT pin high or low time 
RB <7:4> input change time for interrupt 
to be recognized 
apac ve oa 109 
peeson 
utpu 
OSC2 pin 


PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16lC84-04 
(COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Standard 
Operating 
Conditions 
(unless otherwise 
stated) 
Operating 
temperature 
-4O'C S TA S +12S'C 
for automotive, 


-40 S TA S +85"C 
for industrial 
and O'C S TA S +70'C 
for commercial 
Operating 
voltage 
Voo range 
as described 
in DC spec 
Tables 
9.1 and 9.2 


8ym 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 1) 


TioV2ckH 
0.30 TcY+ 30 
TckH2ioi 
0 
TioV2ckl 


TosH2ioV 
TioR 
TioF 


TioV2osH 
TBD 
TosH2ioL 
TBD 


TinP 
20 
TrbP 
20 


In XT, HS or LP modes when 
external clock is used to drive 
OSC1 
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FIGURE 9.5.1 - ELECTRICAL STRUCTURE OF 
I/O PINS (RA, RB) 
FIGURE 9.5.2 - ELECTRICAL STRUCTURE OF 
MCLR AND TOCKI PINS 


Notes to Figures 9.5.1 and 9.5.2: The diodes and the grounded 
gate (or output driver) 
NMOS device are carefully designed to protect 


against ESQ (Electrostatic 
discharge) 
and EOS (Electrical 
overstress). 
Rin is a small resistance to further 
protect the input buffer from 


ESQ. 
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: 
TosH2ioV 
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TIoR, TioF 


Notes: 
1. All timings are tested with specified capacitive 
loads 
2. CLKOUT 
is available 
only in RC oscillator mode 
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11.0 DC & AC CHARACTERISTICS 
GRAPHSIT ABLES 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. 
In 
some graphs or tables the data presented 
are out- 
side specified 
operating 
range (e.g. outside 
specI- 
fied Voo range). 
This Is for Information 
only and 
devices 
are guaranteed 
to operate 
properly 
only 
within the specified 
range. 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over a 
period of time. 
'Typical' represents the mean of the 
distribution while 'max' or 'min' represents (mean + 30) 
and (mean - 30) respectively 
where 
0 is standard 
deviation. 


FIGURE 11.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs VOO" 
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"Measured in PDIP Packages. 


FIGURE 11.0.1 - TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE 
- 
Fo5c (25·CI 
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1.08 


1.06 


--- 
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- ---- -......... f- 
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- 
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cext, = 100pF, 
T = 2S·C 
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I 
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FIGURE 11.0.4 - TYPICAL RC OSCILLATOR 
FREQUENCY vs VOoo 


The 
ercen 
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. 
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°Measured in PDIP Packages. 


FIGURE 11.0.5 - TYPICAL Ipd vs Voo 
~ 
URE 11.0.6 - TYPICAL Ipd vs Voo 
WATCHDOG DISABLED 2~ 
WATCHDOG ENABLED 25°C 


25 
18 


0.8 


0.7 


0.6 


N 
0.5 
~~ 
~ 
0.4 


0.3 


0.2 


0.1 


v 
-r--~ 
-r--- -~~ - 
---- ---- 


R=10k - 


Cext = 300pF, T = 2S'C 


R=l00k 


I 


TABLE 11.0.1 - RC OSCILLATOR 
FREQUENCIES· 


Cext 
Rext 
Average 


Fosc @ 5V, 25°C 


20pf 
3.3k 
4.71 MHz 
±28% 


5k 
3.31 MHz 
±25% 


10k 
1.91 MHz 
±24% 


100k 
207.76 KHz 
±39% 


100pf 
3.3k 
±18% •• 


5k 
±21% 


10k 
±18% 


100k 
±28% 


300pf 
±14% 
±13% 
±13% 
±23% 


e v 
I tion indicated here is part to part 


rmal process distribution. The varia- 


·s ±3 standard deviation from average 


I// 
/ 
// 
V 
/ 
/ 
V 
/ 


o 


2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
Voo (Volts) 


110 
~ 


o 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 


Voo (Volts) 
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0 mm 0 ITiJ!ID[JW 
2-591 


PIC16C84 


FIGURE 
112.0.7- 
MAXIMUM 
Ipd vs Voo 
WATCHDOG 
DISABLED 


Maximum 
18 


Temp. eC) = 85 
16 


14 


12 


<' 
10 
2- 
" 
.e- 
..- 
8 


-40" 
6 
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" 
4 
" 
; 
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FIGURE 
11.0.8 - MAXIMUM 
Ipd vs Voo 
WATCHDOG 
ENABLED· 


Temp. eCI = -40 / 
/ 
/ 
/ 


o2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
Voo(Vohs) 


IPD, wijh watchdog 
timer enabled, has two components: 
operating current of the watchdog timer logic which i 
re 
apparently 
anomalous 
behavior. 


rrent which increases with higher temperature 
and the 


r temperature. 
At -40·C, the latter dominates explaining the 


0.60 
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4.0 
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Voo (volts) 
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0.50 


0.00 
2.5 
3.0 
3.5 
4.0 
4.5 
Voo (volts) 


Note: These input pins have Schmi 
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FIGURE 11.0.13 - MAXIMUM 100 ~R~~CK' 
-40' to +8S'C) 
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FIGURE 
11.0.14 
- WDT Timer 
Time-out 
Period 
vs Voo 
FIGURE 
11.0.15 
- Transconductance 
(gm) of 


HS Oscillator 
vs Voo 
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Typical Capacitance (pF) 
Pin Name 
18L PDIP 
18L SOIC 


RA port 
5.0 
4.3 
RS port 
5.0 
4.3 
MCLR 
17.0 
17.0 
OSCl 
4.0 
3.5 
OSC2ICLKOUT 
4.3 
3.5 
RTCC 
3.2 
2.8 


• 
All capacitance values are typical at 25"C. A part to 
part variation of ±25% (three standard deviations) 
should be taken into account. 
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MMMMMMMMMMMMXXX 
o MMMMMMMMXXXXXXX 
~AABB 
CDE 


PIC16CB4- 
o lOE/P 
~9305 
CBA 


MMMMMMMMMMMM 


MMMMMMMMMMMM 


O~AABB 
CDE 


PIC16LC84- 
04I/S0218 
O~9310 
CAA 


Microchip part number information 
Customer specific information" 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01') 
Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 


MM 
M 
XX 
X 
AA 
BB 
C 


Note: 
In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 


" Standard OTP marking consists of Microchip part number, year code, week code, 


facility code, mask rev #, and assembly code. 
For OTP marking beyond this, 


certain price adders apply. 
Please check with your Microchip Sales Office. 
For 
aTP devices, any special marking adders are included in aTP price. 
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The following 
are the list of modifications 
over the 


PIC16C5X microcontroller family: 


1. 
Instruction word length is increased to 14-bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 


2. 
A PC high latch register (PCLATH) is added to 
handle program memory paging. 
PA2, PAl, PAO 


bits are removed from status register. 


3. 
Data memory paging is redefined slightly. Status 
register is modified. 


4. 
Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUSLW. 


Two instructions 
TRIS and OPTION are being 


phased out although they are kept for compatibility 
with PIC16C5X. 


5. 
OPTION and TRIS registers are madeaddressible. 


6. 
Interrupt capability is added. 
Interrupt vector is at 


0OO4h. 


7. 
Stack size is increased to eight deep. 


8. 
Reset vector is changed to OOOOh. 


9. 
Reset of all registers is revisited. 
Five different 


reset (and wake-up) types are recognized. Regis- 
ters are reset differently. 


10. 
Wake up from SLEEP through interrupt is added. 


11. 
Two separate timers Oscillator Start-upTimer (OST) 
and Power-up Timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec- 
tively to avoid unnecessary delays on power-up 
and wake-up. 


12. 
PORTS has weak pull-ups and interrupt on change 
feature. 


13. 
RTCC pin is also a port pin (RA4) now. 


14. 
Location 07h (PortC) is unimplemented and not a 
general purpose register. 


15. 
FSR is made a full 8-bit register. 


16. 
'In system programming' 
is made possible. 
The 


user can program the PIC16C84 using only five 
pins: Voo, Vss, MCLRNpp, RS6 (clock) and RS7 
(data in/out). 


To convert code written for PIC16C5X to PIC16C84, the 
user should take the following steps: 


1. 
Remove any program memory page select opera- 
tions (PA2, PAl, 
PAO bits) for CALL, GOTO. 


2. 
Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 


3. 
Eliminate any data memory page switching. Rede- 
fine data variables to reallocate them . 


4. 
Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


5. 
Change reset vector to OOOOh. 


6. 
Note that location 07h is an unimplemented data 
memory location. 
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Absolute maximum ratings 
33 


AC characteristics 
52, 53 


Addressing modes 
7, 8 
ALU 
11 


Architectural overview 
5 
Srown-out protection 
17 
Carry .............................................•....•.............•.. 
9, 10 
Characteristic graphsltables 
56-62 
Clocking 
6 
Code protection 
26 
Compatibility with PIC16C5X 
4, 67 
Configuration fuses 
19-22 
DC characteristics 
49-51 
Development support 
46-47 
EECON 1 
32 
EECON2 
32 
EEPROM data memory 
30-32 
Electrical characteristics 
33 
Features 
1 


10 locations 
20 


Instruction cycle 
6 


Instruction set 
34-45 


Interrupt 
11,12 


Introduction 
1 
OPTION register 
30 
Oscillator 
17, 18 


Oscillator start-up timer 
14, 15 
Packaging diagrams 
64 
PO bit 
9,10 
Pinout 
1, 5 
PIC16C84 block diagram 
2 
PORTA 
22 
PORTS 
23 
Power-down 
20 
Power-On Reset 
14-17 
Power-up Timer 
15, 16 
Program counter 
7 
Program memory 
6 
Programming information 
62 
QTP 
4 
Register file 
7, 8, 15 


Reset 
14, 15 


TIMERO 
26-28 


SLEEP 
20, 21 


Stack 
7 


STATUS register 
10 


SQTP 
4 


TO bit 
9, 10 
Watchdog Timer 
17 
W register 
11 
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Connect world wide to the Microchip BBS using the 
Compuserve communications network. In most cases a 
local call is your only expense. 
The Microchip BBS 


connection does not use Compuserve membership ser- 
vices, therefore you do not need Compuserve 
mem- 


bership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local Compuserve 


agent for details if you have a problem. 
Compuserve 


services allows multiple users at baud rates up to 9600. 


To connect: 


1. Set your modem to 8-bit, No parity, and One stop 


(8N1). 
This is not the normal Compuserve setting 


which is 7E1. 


3. Depress <ENTER> and a garbage string will appear 


because Compuserve is expecting a 7E1 setting. 


5. Type MCHIPBBS<ENTER> 
and you will be con- 


nected to the Microchip BBS. 


In the United States, to find Compuserve's phone num- 
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Hos t 
Name:, type 


NETWORK<ENTER> 
and follow Compuserve's direc- 
tions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local Compuserve 
number. 


Trademarlcs: 


PIC is a registered 
trademark 
of Microchip 
Technology 


Incorporated 
in the United States. 


PICMASTER, 
PRO MATE and PICSTART are trademarks 


of Microchip Technology 
Incorporated. 


IBM PC and AT are registered trademarks of IBM Corpora- 
tion. 


MS-DOS 
and Microsoft 
Windows 
are registered 
trade- 


marks of Microsoft Corporation. 
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PIC16C84 
Product 
Identification 
System 


To order 
or to obtain 
information, 
e.g., on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and refer to the factory 


or the listed 
sales 
offices. 


PARTNO.-XX 
X ~ 
XXX 
T YPattem: 


~package: 
P 
so = 
PDIP 
SOIC (Gull Wing, 300 mil body) 


0' C 
10 
+70'C (T for tape/reel) 


-40' C 
10 
+85'C (S for tape/reel) 


-40'C 
10 
+12S'C 


Frequency 
Range: 
4MHz 
10MHz 


Examples: 
a) 
PIC16C84· 
O4IP 301 = 
Commercial 
temp., 
PDIP pacl<age, 


4 MHz, nonnel V DO limijs, 
QTP pattem 
II 301 
b) 
PIC16LC84 
- 04IIS0 
= 
Industrial 
temp., 
SOIC 
package, 


4 MHz, extended 
V OD limijs 


c) 
PIC16C84 
-10ElP 
= 


Automotive 
temp., 
PDIP pacl<age, 


10 MHz, nonnel 
VDO limijs 


Temperature 
- 
Range: 
I 
E 


PIC16C84 
: Voo range 4.QV to 6.QV 
PIC16LC84 
: Voo range 3.0V to 6.QV 


Products 
supported 
by a preliminary 
Data 
Sheet 
may possibly 
have 
an errata 
sheet 
describing 
minor 
operational 
differences 
and 
recommended 
workarounds. 
To detennine 
ff an errata 
sheet 
exists 
lor a particular 
device, 
please 
contact 
one 01 the lollowing: 


1. 
Your 
local 
Microchip 
sales 
office 
(see below) 
2. 
The 
Microchip 
Corporate 
Lijerature 
Center 
U.S. FAX: 
(602) 
786-7277 
3. 
The 
Microchip's 
Bulletin 
Board, 
via your 
local Compuserve 
number. 


Please 
specify 
which 
device, 
revision 
01 silicon 
and Data 
Sheet 
(include 
Lijerature 
II) you are using. 


For latest 
version 
inlonnation 
and upgrade 
kits lor Microchip 
Development 
Tools, 
please 
call 1-800-755-2345 
or 1-602-786-7302. 
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PIC17C42 


High-Performance 
8-Bit CMOS EPROM Microcontroller 


FEATURES 


Powerful CPU 


• Fully static design 
• 8-bit wide data path 
• 
16-bit wide instructions 


• All instructions are single word 
• Most instructions are single cycle, a few are two cycle 
• 
160ns cycle time (at 25 MHz). 


• 64K x 16 of addressable program memory space 
• 
Direct, indirect (with auto increment and decrement), 
immediate and relative addressing 


• 
Four modes of operation 
- Microcontroller mode 
- Secure microcontroller mode 
- Extended microcontroller mode (both intemal and 


external program memory access) 


- Microprocessor 
mode 
(external 
only 
program 
memory access) 


High-level of Integration 


• 2K x 16 on chip EPROM program memory 
• 232 x 8 general purpose registers (SRAM) 
• 48 special function registers 
• 
16 x 16 hardware stack 


• 
11 extemaVintemal 
interrupts 
• Up to 33 I/O pins 


Three 16-bit timer/counters 
• Two 16-bit capture registers 
• Two high-speed PWM outputs (10-bit, 15.6 KHz) 
• 
Full-featured serial port (USART) with baud rate 
generator 


Special microcontroiler features 


• Watchdog Timer with its own on-chip RC oscillator for 
reliable operation 


• Power saving SLEEP mode 
• On-chip Power-up Timer and Power-on Reset saves 


extemal circuitry 


• On-chip Oscillator Start-up Timer 
• 
Fuse selectable oscillator options: standard crystal 
oscillator,low 
frequency crystal oscillator, RC oscilla- 


tor or extemal clocking 


• Code protection feature to protect on-chip EPROM 
program memory 


Package Options 


• 40L PDIP, 44L PLCC and 44L PQFP 


PDIP, 
Windowed 
CERDIP 


voo- 


Rro'AIlO 
- 
RCl/ADl 
_ 


PC2J/lD2 
_ 


FlC3IAD3 
-~-- 
AC&'ADS 
-- 
AC6IAll6 
- 


AC7/AD7 
--- 
vss- 


RIll>'CAPl 
- 


RB11CAP2 
--- 


A82IPWIA1 
- 


RB3IPWM2 
-- 
R841TCLK12 
__ 


RIl5ITCU<3 
--- 
AB7 
-- 
OSC1/ClKIN 
- 
OSC2/ClKOUT 
--- 


40 
-- 
ROO/AD8 
39 
--- 
RDlIA09 


38 
-- 
R02JAQ10 


37 
--- 
ROO/AD11 


36 
-- 
R04IA012 


35 
--- 
R05IA013 


34 
--- 
R06IAD14 


33 
-- 
R07/AD1S 


32 
--- 
MCUWpp 


31 
--- 
Yss 


30 
-- 
RBYALE 
29 
-- 
AE1/OE 
28 
RE2J'WI!f 


27 
--- 
TEST 
26 
-- 
RAOIINT 


25 
RAl/TOCK1 


24 
__ 
RA2 


23 
-- 
RA3 


22 
RMJRXIDT 


21 
--- 
RA5fT'XtCK 


~-- 
RCS/A05- 
RC&'AD6 
- 


AC7/AD7 
- 
v•• - 
v•• _ 


FtBlYCAP1_ 
RB1JCAP2 
_ 
AB2IPWM1_ 
RB3IPWM2- 
AB4'TCLK12 
- 


ClIt).(")C\ 
•.•••• ~~~;;~ 


7 
o 
39 
8 
38 
• 
37 
10 
38 
11 
PIC17C42 


35 
12 
34 
13 
33 
,. 
32 
15 
31 
,. 
30 


7 
29 
ciC;~~~.n~~~~lJ~~ 


- 
R04IAD12 
- 
R05IAD13 
- 
RDelA014 


- 
R07/AD15 


-lll:lJW •• 
- 
v•• 
- 
v•• 


- 
REG/AlE 
_ 
AE1/OE 


- 
AE2JWR 
- 
TEST 


- 
RB4ITa.K12-- 
- 
A821PWM1 


- 
R811CAP2 


- 
AIlOICN'O 
_ 
V•• 


_ 
v•• 


_ 
AC7/AD7 
_ 
RC6IA06 


_ 
AC5IADS 
-~- 


TEST 
- 
RE.2JWR 
- 
RE1K>E 
_ 


REO/ALE 
- 
v•• - 
v•• _ 
MCUI/V •• _ 
RD7/AD15 _ 
RO&'AD14 
_ 
RD5IA013 
_ 
R04IAD12 
_ 
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Architectural 
OV6lview 
5 
PIC17C42 
Pinout Description 
............•................... 
5 
Intemal Clocking Scheme ..........................•..•..•..... 
6 
Instruction 
FlowlPipelining 
.................•..••••..•.......••• 7 
Memory Organization .....................•.•.•................... 
7 
Different Program Memory Organization 
...........•... 7 
External Program Memory Interlace ......•..•.•.•........ 9 
Data Memory Organization 
........•.•....................... 
10 
Organization 
of Special Function Registers 
10 
Hardware 
Description of the CPU 
12 
Indirect Addressing 
Registers (Files OOh 
& 08h) 
12 
File Select Registers (FSRO and FSR1, 
Files 01 hand 09h) 
12 
Table Pointer (TBlPTRl 
Files and TBlPTRH, 
Files ODh and OEh) ...................•.•....................... 
12 
Table latch 
(TBLATH, TBLATl) 
12 
Program Counter Module ................................•.... 
12 
Stack ..................................................•........•...•.... 
13 
Stack Available Status Bit (Bit 5, CPUSTA) 
13 
Using the STKAVl 
Bit 
13 
Interrupt logic 
13 
Interrupt Flag and Mask Bits 
14 
Peripheral 
Interrupts .•........................................... 
14 
Intenrupt and TABlWT 
Interaction 
14 
INT and RT Extemallntenrupts 
16 
AlU 
17 
Special Features of the CPU .........•..................... 
18 
Reset ............••....•.•...•........................................... 
18 
Oscillator .........•.................................................... 
19 
EC: Extemal Clock Input Mode .................•.......... 
19 
RC: RC Oscillator Mode 
19 
XT: Crystal Oscillator Mode 
19 
IF: low 
Frequency Crystal Oscillator Mode 
19 
Oscillator Start-up Timer (OST) 
21 
Power-up Timer (PWRT) and Power on 
Reset (POR) ........•.....•..............•........................... 
23 
Sleep Mode 
23 
Wake-up from SLEEP 
23 
Interrupt/SLEEP 
Interaction 
24 
Minimizing current consumption 
in SLEEP 
Mode ....•..............................•................................ 
24 
Watchdog 
Timer 
25 
WDT as a Regular Timer 
25 
Code Protection and Write Protection 
25 
Configuration 
Fuses 
25 
Overview of Peripherals ..•.................................... 
26 
The Bank Select Register (BSR, Address 
OFh) 
26 
Digital I/O Ports 
27 
Using RA2, RA3 Pins as Output ••..•..................... 28 
PORTA 
28 
Summary 
of PORTA Registers 
28 
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29 
Summary 
of PORTB Registers 
31 
PORTC 
30 
Summary 
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33 
Summary 
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33 
PORTE 
33 
Summary 
of PORTE Registers .................•.......... 
33 
Universal Synchronous 
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Receiver Transmitter 
(USART) 
34 
Asynchronous 
Mode 
34 
Asynchronous 
Mode Transmission 
34 
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Mode Reception 
35 
Synchronous 
Mode 
36 
Synchronous 
Mode Transmission 
36 


Synchronous 
Mode Reception 
37 


Synchronous 
Slave Mode/SLEEP 
Mode 


Interaction: 
, 
39 


Baud Rate Generator •.•••.•.................................•.. 
39 
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42 
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43 
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45 
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51 
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Capture Module 
53 
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PIC17C42 
is the first member 
of a high-performance 
EPROM 
based 8-bit CMOS microcontroller 
family. The 
PIC17C42 
integrates 
a powerful CPU (160ns instruction 
cycle) with an array of peripheral 
resources 
making 
it 
ideal for complex 
real-time 
control applications. 


Microchip's 
EPROM technology 
allows the user to test 
and develop code on windowed 
cerdip package version 
and move 
into production 
with the cost effective 
One 
Time 
Programmable 
(OTP) 
plastic 
DIP package 
ver- 
sion. 


The PIC17C42 
is fully supported 
by a host of software 
and 
hardware 
development 
tools. 
These 
include 
an 
assemblerllinker; 
a low-eost 
in-eircuit 
emulator; 
a high 
performance, 
in-eircuit emulator; 
a programmer; 
and a 
programmer/development 
board. 
A C compiler 
is 
planned. All tools are supported 
by PC A1"" and compat- 
ible platforms. 


The high performance 
ofthe PIC17C42 can be attributed 
to a number of architectural 
features commonly 
found in 
RISC microprocessors. 
To begin 
with, the PIC17C42 
uses a modified Harvard architecture, 
in which, program 
and data are accessed 
from separate 
memories. 
This 
improves bandwidth 
over traditional 
Von-Neuman 
archi- 
tecture 
where 
program 
and data are fetched 
from the 
same memory. 
Separating 
program 
and data memory 
further allows instructions 
to be sized differently 
than 8- 
bit wide data word. 
In PIC17C42, 
op-eodes 
are 16-bit 
wide making 
it possible 
to have all single word instruc- 
tions. 
Full 
16-bil 
wide 
program 
memory 
access 
bus 
fetches a 16-bit instruction 
in a single cycle. A two-stage 
pipeline 
overlaps 
fetch 
and execution 
of instructions. 
Consequently, 
all instructions 
(55 in all) execute 
in a 
single 
cycle 
(160ns 
@ 
25MHz) 
except 
for 
program 
branches 
and two special 
instructions 
that transfer data 
between 
program 
and data memory. 


The PIC17C42 
can address 
64K x 16 program memory 
space. 
It integrates 
2K x 16 EPROM 
program 
memory 
on-chip. 
Program 
execution 
can 
be 
internal 
only 
(microcontroller 
mode), 
external 
only (microprocessor 
mode) or both (extended 
microcontroller 
mode). 


The PIC17C42 
can directly 
or indirectly 
address 
256 
data memory 
locations 
(file registers). 
All special func- 
tion registers including the program counter are mapped 
in the data memory. 
The PIC17C42 
has an orthogonal 
(symmetrical) 
instruction 
set that makes 
it possible 
to 
carry out any operation 
on any register 
using any ad- 
dressing 
mode. 
This 
symmetrical 
nature 
and lack of 
'special optimal situations' 
make programming 
with the 
PIC17C42 
simple yet efficient. 
In addition, 
the learning 
curve is reduced significantly. 


Pin Name 
Pin 
Number 
Pin Function 
Type 
of Pins 


MClRNpp 
I/P 
I 
Masterclear(reset)input.Thisis theactivelow resetinputto the chip. DuringProgrammingmode,it is 
the programmingvoltage(Vpp)input. 


OSC1/ClKIN 
I 
I 
Oscillatorinputin crystal/resonatoror RCoscillatormode.Externalclockinputin externalclockmode. 


OSC2IClKOUT 
0 
I 
Oscillatoroutput.Connectsto crystalor resonatorincrystaloscillatormode.In RCoscillatoror external 
clockmodesDSC2pin outputsClKOUTwhich hasonefourth the frequencyof OSC1anddenotesthe 
instructioncyclerate. 
RAOIINT 
I 
1 
Inputonlyportpin (bit 0 of PortA)andalsoexternalinterruptinput. Interruptcanbeconfiguredto beon 
positiveor negativeedge. 
RA1ITOCKI 
I 
1 
Inputonlyportpin (bit I of PortA)andalsoanexternalinterruptinput. Interruptcanbeconfiguredto be 
on risingor fallingedge.It is alsotheexternalclockinputfor theTMROtimer/counter. 


RA2,RA3 
I/O 
2 
Highvoltage,highcurrentopendraininput/outputport pins. 
RA4/RXIDT 
I/O 
1 
Input only port pin (bit 4 of Port A). If the serialport is enabled,in full duplexasynchronousserial 
communicationmodethis isthereceivepin.Inhalfduplexsynchronousserialcommunicationmodeit is 
datainput(duringreceive)or dataoutput(duringtransmit). 
RA5ITX1CK 
I/O 
I 
Input only port pin (bit 5 of Port A). If the serialport is enabled,in full duplexasynchronousserial 
communicationmodeit is thetransmitpin. In halfduplexsynchronouscommunicationmode,it is shift 
clockinput(slavemode)or clockoutput(mastermode). 
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Pin Name 
Pin 
Number 
Pin Function 
Type 
of Pins 


RBO/CAP1 
I/O 
1 
Port pin configurable as input or output in software, with SChmitttrigger input (bit 2 of Port B).lt is alsothe PWM1 
input pin. 


RB1/CAP2 
I/O 
1 
Port pin configurable as input or output in software, with SChmitttrigger input (bit 3 of Port B).lt is also the PWM2 
input pin. 


RB2IPWM1 
110 
1 
Port pin configurable as input or output in software, with SChmitttrigger input (bit 2 of Port B). It isalso the PWM1 
output pin. 


RB3IPWM2 
110 
1 
Port pin configurable as input or output in software, with SChmitttrigger input (bit 3 of Port B). It is also the PWM2 
output pin. 


RB4ITCLK12 
I/O 
1 
Port pin configurable as input or output in software, with Schmitt trigger input (bit4 of Port B).lt isalsothe external 
clock input to timer1 and timer2. 


RB5ITCLK3 
110 
1 
Port pin configurable asinput or output in software,with SChmitttrigger input (bit 5,of Port B).It isalsotheexternal 
clock input to timer3. 


RBS,RB7 
110 
2 
Port pins configurable as input or output in software, with Schmitt trigger input (bits 6 and 7 of Port B). 


RC7/AD7- 
110 
8 
Eight bit wide Port Cwith each pin software configurable as input or output. Input is ITL 


RGO/ADO 
compatible (and not CMOSSChmitttrigger type). 


This isalsothelowerhan ofthe 16bit wide system bus inmicroprocessor modeorextended microcontroller mode. 
In multiplexed system bus configuration, these pins are address output as well as data input or output. 


RD7/AD15- 
I/O 
8 
Eight bit wide Port 0 with each pin software configurable as input or output. Input is ITL 


RDO/AD8 
compatible (and not CMOSSChmitttrigger type). 


This is also the upper byte of the 16 bit system bus in microprocessor mode or extendedmicroprocessor mode 
or extendedmicrocontroller mode. In mu~iplexed system bus configuration these pins areaddressoutput aswell 
as data input or output. 


REO/ALE 
I/O 
1 
Port pin configurable as input or output in software, with ITL compatible input (bit 0 of Port E). 
In microprocessor mode or extendedmicrocomputer mode, it is the Address Latch Enable(ALE)output. Address 
should be latched on the falling edge of ALE output. 


RE1/OE 
110 
1 
Port pin configurable as input or output in software, with ITL compatible input (bit 1 of Port E). 
In microprocessor or extended microcontroller mode, it is the Output Enable(DE)control output (active low). 


RE2JWR 
110 
1 
Port pin configurable as input or output in software, with ITL compatible input (bit 2 of Port E). 
In microprocessor or extended microcontroller mode, it is the Write Enable(WR) control output (active low). 


TEST 
I 
1 
Test mode selection control input. Always tie to Vss for normal operation. 
Voo 
P 
1 
Power 


Vss 
P 
2 
Ground. Both pins must be connectedto system ground. 


1.2 Internal Clocking Scheme 


Internally, 
the clock 
input to OSC 1 pin is divided 
by four 
to generate 
four phases 
(01 , 02, 
03 and 04) 
each 
with 
a frequency 
equal 
to fosc /4 and duty cycie 
of 25%. 
If 
EC (external 
ciock) 
or RC oscillator 
mode 
is selecled, 


the OSC2 
pin provides 
a clock 
output, 
CLKOUT, 
which 
is high during 
03, 
04 
and low during 
01, 
02. 


As long as internal 
chip reset is active, 
the ciock genera- 


tor holds the chip in 01 state. The CLKOUT 
pin is driven 


low (EC, 
RC mode). 


1 
-----------~~----------~ 


1 


1 


1 


1 


1 


1~ 
I 
I 
~ 
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1 
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1 
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Q4 
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1.3 
Instruction FlowlPipelining 


An "Instruction Cycle" in PIC17C42 consists of 01, 02, 
03 and 04. Instruction fetch and execute are pipelined 
such that fetch takes one instruction cycle while decode 
and execute takes another instruction cycle. However, 
due to the pipelining, each instruction effectively ex- 
ecutes in one cycle. If an instruction causes the program 
counter to change (e.g. GOTO), then two cycles are 
required to complete the instruction. Additionally, 
there 


are two instructions, TABLRD and TABLWT, which take 
two or more cycles to complete. These are explained in 
more details 'Instruction Sef description. 


A fetch cycle begins with the program counter (PC) 
incrementing in 01.ln 
extemal execution, the address is 


presented on pins AD15 - ADO during 02. The instruc- 
tion is latched on the falling edge of 04. 


The fetched instruction is latched into the "Instruction 
Register (IR)", which is decoded in 01 and executed 
during 02, 03 and 04. Data memory is read during 02 
(operand read), ALU operations are done in 03 and 
result is written back during 04 (destination write). 


FIGURE 1.3.1 - INSTRUCTION FETCH! 
EXECUTE PIPELINE 


1~1~la31~1~la2Ia31~1~la2Ia31~1 


~ K 
PC 
X 
PC+' 
X 
PC+> 
: 


I 


AD <15:0> 
I 
ALE 


_I 
OEI 


A 
(--INS-T-(1'C--')-- 
NST(PC) 


(Instruction 
I~-----' 
----- 


register) I 


1.4 
Memory Organization 


The PIC17C42 employs a Harvard architecture, 
Le. it 


has separate 
program and data memory space. 
In 


addition, there is a hardware stack separate from both 
data and program space. The data space is 256 bytes in 
size. Most of the data space is implemented as static 
RAM (address 18h to FFh). Special function registers, 
implemented as individual hardware registers make up 
the rest of the data space. Refer to Section 1.6 for more 
details. Data memory "address" and "data' buses are 
not brought outside the chip. So the data memory can 
not be expanded extemally. The user can, however, 
create data segments in external program memory, use 
TABLWT and TABLRD instructions to move data be- 
tween external program memory and the register file. 


The program memory is 16-bits wide. It is addressed by 
the 16-bit program counter for instruction fetch. It is also 
addressed by the table pointer register (TBLPTR, also 
16-bits wide) for data move to and from data space. 
Addressable 
program 
memory 
is 64K x 16. The 


PIC17C42 
incorporates 
2K x 16 EPROM 
program 


memory on-chip. 


1.5 
Different Program Memory Organization 


The PIC17C42 operates in on of four possible program 
memory configurations which are: 


Microcontroller Mode: In this mode, only intemal execu- 
tion is allowed and therefore, only the on-chip 2K pro- 
gram memory 
is available. Any access to program 


memory beyond 2K reads OOOOh(which is NOP). In 
addition to program memory, fuses, test memory, and 
boot memory 
(FEOOhto FFFFh) are accessible. 


Protected Microcontroller Mode: It is the same as micro- 
controller mode except that code protection is enabled. 
Refer to Section 4.7 for details on code protection. 


Extended Microcontroller Mode: In this mode, on chip 
program memory (0-2K) as well as extemal memory (2K 
- 64K) are available. Execution automatically switches 
to extemal if program memory address is greater than 
07FFh. The fuses, test memory and the boot memory 
are not accessible in this mode. 


MicroprocessorMode: 
Inthis mode the on-chip program 


memory is not used. The entire 64K program memory is 
mapped extemally. The 
fuses, test memory and the 


boot memory are not accessible in this mode. 
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Reset Vectorסס oo 
סס oo 
0027 
INT Pin Intemlpt 
Vector 
oooe 
0028 


RTCC Timer 
Intemlpt 
Vector 
0010 


RT Pin Intemlpt 
Vector 
0018 


Peripherallntemlpl 
Vector 
0020 


0027 


FEOO 
Fuses 
FEOF 
FEl0 


FF5F 
Test EPROM 
FFeo 
Boot ROM 
FFFF 


FOSCO 
FEOO 


FOSCI 
FEO' 


FWOTO 
FE02 


FWOTI 
FE03 


FPMMO 
FE04 


Reserved 
FE05 


FPMMI 
FE08 


FEOT 


FE08 
Reserved 


FEOF 


The different modes are selected by fuses FPMMO and 
FPMM1. These fuses are mapped in the following 
pro- 


gram memory locations: 


FPMMO: FE04h 


FPMM1: FE06h 


FPMMO FPMM1 
Mode 


0 
0 
MicrocontrollerMode(CodeProtected) 


0 
1 
MicrocontrollerMode(Unprotected) 
1 
0 
ExtendedMicrocontrollerMode 
1 
1 
MicroprocessorMode 
Note: • 1 = fuse unprogrammedor erased, 
o = fuse programmed. 


Refer to Section 4.7 for information on code protection. 


Test Memory 
Boot Memory and Fuse Locations; Test 
memory space is used by the factory for testing pur- 
poses. The 'boot ROM' area holds programs used for 
programming and verification. 
The user need not be 
concerned about either of these. The fuse locations map 
configuration fuses used to select from various operat- 
ing modes. 
The 
fuses 
are explained 
in detail 
in 
Section 3.8. 


Microprocessor 
Extended 
Microcontroller 
Mode 
Microcontroller 
Mode 
Mode 


סס ooסס ooסס oo 


On Chip 
On Chip 


EPROM 
EPROM 


Program 
Program 


Memory 
Memory 


07FF 
07FF 


0800 
0800 
WU 
External 
< 
Program 
ll. 
en 
Memory 
External 
~< 
Program 
a: 
Memory 
Cl0a: 
ll. 


FFFF 
FFFF 
FEOO 
FUSES 
TEST EPROM 
FFFF 
BOOT ROM 


OFF·CHIP 
ON-CHIP 
OFF-CHIP 
ON·CHIP 
OFF·CHIP 
ON-CHIP 
I~ 


W 


oo~ 
oo~ 
U< 
ll. 
en 
RAM 
RAM 
~ 
FF 
FF 
< 
Cl 
OFF-CHIP 
ON-CHIP 
OFF-CHIP 
ON·CHIP 
OFF-CHIP 
ON-CHIP 
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1.5.1 EXTERNAL PROGRAM MEMORY INTERFACE 


If extemal execution is selected, ports C, 0 and E are 
configured as a system bus for extemal program memory 
access. Ports 0 and C, together, constitute a 16-bit wide 
multiplexed address and data bus. The three bit E port 
outputs control signals ALE (Address Latch Enable), OE 
(Output Enable) and WR (Write Enable). An external 
memory access cycle is comprised of four oscillator 
cycles (from 01 rising edge to 01 rising edge). During 
02, a 16-bit address is presented on ports C and 0 (R07 
= MSB, RCO= LSB) and ALE is asserted. The address 
output should be latched by the falling ed~of 
ALE. In an 


instruction fetch or data read cycle, the OE is asserted 
dutlng 03 and 04. The data is latched on the rising edge 
of OE. One oscillator cycle separation between OE i 
and address output guarantees adequate time for exter- 
nal memories to shut off their output drivers before 
address is driven on to the bus. 


In a data write cycle (only during TABLWT instruction), 
following address output during 02, data is driven onto 
the bus during 03and 04. WR is asserted during 04 and 
the data output isvalid both on its falling and rising edge. 


Figure 1.5.1.1 depicts read and write cycles and Table 
1.5.1.1 shows access time required of the external 
memory components. For complete timing information 
on the system bus, refer to the AC Characteristics 
Section. 


FIGURE 1.5.1.1 - EXTERNAL PROGRAM 
MEMORY READ AND 
WRITE TIMINGS 
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Writecycle 


TABLE 1.5.1.2 - ACCESS TIME REQUIRE- 
MENTS FOR EXTERNAL 
MEMORY 


Osc 
Instruction 
frequency 
cycle time 
tacc 
toe 
(Tcy) 


8 MHz 
500ns 
345ns 
lOOns 


16 MHz 
250ns 
157.5ns 
65ns 


20 MHz 
200ns 
120ns 
40ns 


25 MHz 
160ns 
90ns 
20ns 


Note: 
Estimated access time requirements. 
Exact number 
will be available after full characterization. 


ALE 


I/O· 


Memory 
(MSB) 
Memory 
(LSB) 


AO-Ax 
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1.6 
Data Memory Organization 


Data memory in the PIC17C42 is organized as 256 x 8. 
It is accessed via an intemal 8-bit data bus and an 8 bit 
data-memory-address-bus 
(derived from the instruction 
register). Data memory can be addressed via direct 
addressing mode or through indirect addressing mode 
using file select registers FSRO or FSR1 as pointer 
registers. 


All special function registers (e.g. W, TMRO, Program 
Counter, Ports) are mapped in the data memory. The 
rest of the data memory is implemented as static RAM. 
A few special function registers such as Table Latches 
(TBLATH, TBLATL) are not mapped in data memory or 
any other memory space. Also not addressable are the 
watchdog timer and the stack pointer. 


1.6.1 
ORGANIZATION 
OF SPECIAL FUNCTION 
REGISTERS 


Figure 1.6.1 shows the data memory space in detail: 


a. 
Address OOh:OFhare mostly special function regis- 
ters related to the CPU. 


b. 
Address 10h:17h are 'peripheral registers' such as 
timer register or port data latch. Since there are 
many more peripheral registers than can be mapped 
into eight address locations, a banking scheme is 
used. A bank select register, BSR (address OFh)is 
used to select one of many banks. Only the lower 4 
bits of BSR are implemented 
in the PIC17C42, 
making it possible to address up to 16 banks. 
c. 
Address locations 18h:1Fh are general purpose file 
registers implemented as part of the static RAM. 
However, these locations have the added privilege 
of being source or destination 
of a MOVPF or 
MOVFP instruction respectively. 
d. 
Locations 20h:FFh are general purpose file regis- 
ters implemented as static RAM. 


00 
Indirect 
Addressng 
0 


0' 
FSRO 


02 
PeL 


lJ3 
PCLATH 


04 
ALUSTA 
05 
RTCSTA 


05 
CPUSTA 


07 
INTSTA 


08 
Ind...,"""' •••••••, 
09 
FSA1 


OA 
W 


OIl 
lMAOL 


DC 
TMAOH 


CD 
TBlPTRl 


DE 
TBlPTRH 


(F 
BSR 
Bank! 
Bank 2 
Bank 3 


10 
PORTA 
OOAC 
TMA1 
PW'DCl. 


11 
00R8 
PORTC 
TMR2 
PW20CL 


12 
PORTS 
OORO 
TMR3l 
PW'OCH 


13 
RCSTA 
.-vM'U 
TMR3H 
PW20CH 


14 
ACREG 
oORE 
PA, 
CA2l. 


1S 
TX$TA 
t"VN,,, 
PR2 
CA2H 


16 
TXAEG 
PIR 
PR3lJCA1L 
TCON' 


17 
SP8RG 
PE 
PR3HlCA1H 
TCON2 


'8 
J 


\."\ 
T 


Note: 
Rles 
10-18 
in first 
column 
are 
mapped 
into 
bank 
O. while 
the 
other 
files 
in this 
column 
are 
unbanked 
registers. 
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INDFO 
FSRO 
Pel 
PCLATH 
ALUSTA 
RTCSTA 
CPUSTA 
INTSTA 
INDF1 
FSRl 
W 
TMROL 
TMROH 
lllLPTRl 
lllLPTRH 
BSR 


Uses contents 01F1 to address data memotY (not a physical ragls1a~ 
Indirect data memory address pointer 0 
Low order 8 bits of PC 


~DGraglls1a!~li'8j~~(IN~~~ 
I 
R~ 
I 
Ris1 
I 


PEIR 
RTXIR 
TOIR 
INTlR 
PEIE 
RTXIE 
Uses con1ants01F9 to 
data memotY (not a physical ragls1a~ 
Indiract data memotYaddnosspain"" 
1 
Wragisl'" 
Timllf() low byta 
TlmarO High byta 
Low byta of program memory table point", 
High byta of program memory table pointa, 
8ank saIacI ragisle, 
~;B~l,~is1",L 
POfl~ I 
PORTB data latch 
SPEN 
RC8I9 
serial Port Receive Register 
CSRC 
TX819 
TXEN 
Serial Port Transmit Register 
Baud Rate G808f3.tor 


DC 


RTPSO I 


TOlE 


00000000 
XXXXXXXX 
00000000 
XXXXXXXX 
llllXXXX 
00000000 
00111100 
00000000 
00000000 
xxxxxxxx 
XXXXXXXX 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
00000000 


00000000 
UUUUUUUU 
00000000 
uuuuuuuu 
111lUUUU 
00000000 
0011 1100 
00000000 
00000000 
uuuuuuuu 
uuuuuuuu 
UUUUUUUU 
uuuuuuuu 
uuuuuuuu 
UUUUUUUU 
00000000 


oouuuuuu 
11111111 
UUUUUUUU 
ooooooou 
UUUUUUUU 
0000001U 
uuuuuuuu 
uuuuuuuu 


11111111 
uuuuuuuu 
11111111 
uuuuuuuu 
ooooouuu 
ooooouuu 
00000010 
00000000 


uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
UUUUUUUU 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 


uuoooooo 


UUOOOOOO 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
UUUUUUUU 
00000000 
00000000 


Notes: 


1: 
The upper byte 01 the program counter is not directly accessible. 103 is a holding register for PC<15:8> whose contents are 
updated Irom or transfered to the upper byte 01 the program counter. 


2: 
The "TO' and PO' status bits in I06h are not affected by a 'MCLR' 
reset. TO bn will be reset in the event 01 a WDT time-out 
reset. 


3: 
Other (non power-up) 
resets include external reset through MCLR pin and Watchdog Timer timeou1 reset. 


IlAIIKQ:. 


10 
11 
12 
13 
14 
15 
16 
17 


PORTA 
ooRB 
PORlll 
RCSTA 
RCREG 
TXSTA 
TXREG 
SPBRG 


OERR 


TRMT 


RCDS 


TXDS 


ooxxxxxx 
11111111 
xxxxxxxx 
ooooooox 
xxxxxxxx 


OOOOOOlX 
xxxxxxxx 
xxxxxxxx 


IIAKItt 
10 
11 
12 
13 
14 
15 
16 
17 


ooRC 
PORTC 
ooRo 
PORTO 
ooRE 
PORTE 
PlR 
PIE 


Data Direction Register for PORTe 
PORTC data latch 
Oata Oirectk:lnRegister for PORTO 
PORTO 
data latch 
Data Direction Register for PORTE 
PORTE data tatch 
IRB 
TM31R 
TM21R 
IEB 
TM31E 
TM21E 


IIAIIII2: 
10 
11 
12 
13 
14 
15 
16 
17 


TMR1 
TMR2 
TMR3L 
TMR3H 
PR1 
PR2 
PR3lJCA1l 
PR3HlCA1H 


IIAIIK3: 
10 
11 
12 
13 
14 
15 
16 
17 


PW10CL 
PW20CL 
PW10CH 
PW20CH 
CA21. 
CA2H 
TCONl 
TCQN2 


TlfT18fl 
Tomer2 
Timer3 Low byte 
T0mef3High byte 
T1rner1 Period Register 
Timer2 Period Register 
Timer3 Period Register, low bytelcapture1 register, kJwbyte 
TWllllf3 Peliod Regis1e',High bytelcapturel register, high byte 


Del 
OCO 
Del 
DCO 
DC9 
0C8 
De9 
0C8 
CBpture2 low byte 
Caplure2 high byte 


CA2Eol I 
CA2EDO I CA1Eol I 
CA1EDO I 
16&- I 
TMR3C I 
TMR2C 
I™R1C 
CA2QVF I CA10VF I PWM20N 
PWM10N 
CAl/PR3 
TMR30N 
TMR20N 
TMR10N 


TM2PW2 
DC7 
DC7 
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11111111 
xxxxxxxx 
11111111 
xxxxxxxx 
00000111 
oooooxxx 
00000010 
00000000 


xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 


xxoooooo 
xxoooooo 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
00000000 
00000000 


•• 


2.0 HARDWARE 
DESCRIPTION 
OF 
THE CPU 


2.1 
Indirect Addressing Registers (INDFO 
and INDF1) 


These two register locations (not physically implemented) 
are used to implement indirect addressing of data memory 
space. An instruction using INDFO or INDF1 actually 
accesses 
the data memory location pointed to by the 
corresponding 
FSR registers. If file INDFO (or INDF1) 
itself is read indirectly via an FSR, all zeroes are read. 
Similarly, if INDFO (or INDF1) is written to indirectly, the 
operation will be equivalent to a NOP. 


Single cycle data transfers within the entire data space 
are possible with MOVFP and MOVPF instructions, 
when"p" is specified as INDFOand"f" as INDF1, or vice 
versa. 


2.2 
File Select Registers (FSROand FSR1) 


These two registers 
are 8-bit wide indirect address 
pointers 
for 
data 
memory. 
They 
can 
be auto- 
incremented, auto-decremented or left unchanged after 
each access as determined by the four control bits in the 
STATUS register "ALUSTA" (File 04h bits 7:4). See 
Figure 2.8.1. 


2.3 
Table Pointer (TBLPTRL and TBLPTRH) 


File registers TBlPTRl 
and TBlPTRH 
form a 16-bit 
pointer to address the 64K program memory space. The 
table pointer 
is used by instructions 
TABlWT 
and 
TABlRD. 


The TABlRD and the TABl WT instructions allow trans- 
fer of data between program and data space. The table 
pointer serves as the 16-bit address of the data word 
within the program memory. 


3.4 
Table Latch (TBLATH. TBLATL) 


The table latch (TBLAT) is a 16-bit register, consisting of 
TBLA TH and TBLA Tl refer to the high and low bytes of 
the register. It is not mapped into data or program 
memory. The table latch is used as a temporary holding 
latch during data transfer between program and data 
memory 
(see descriptions 
of instructions 
TABlRD, 
TABlWR, 
TlRD 
and TlWR). 


2.5 
Program Counter Module 


The Program Counter (PC) is a 16-bit register. PCl, the 
low byte of the PC, is mapped in the data memory (file 
02h). PCl 
is readable and writable just as any other 
register. PCH isthe high byte ofthe PC and is not directly 
addressable since PCH is not mapped in data or pro- 
gram memory. An 8-bit register PCLATH (PC high latch) 
is used as a holding latch for the high byte of the PC. 
PCLATH is mapped into data memory (file 03h). The 
user can read or write PCH through PCLATH. 


The 16-bit wide PC is incremented after each instruction 
fetch during 01 
unless modified by 
GOTO, CAll, 


lCAll, 
RETURN, RETlW, 
or RETFIE instruction or 
interrupt response or due to destination write to PCl by 
an instruction. "Skip"s are equivalentto incrementing the 
PC twice. 


The operations of the PC and PCLATH for different 
instructions are as follows: 


a)~ 


PCLATH -+ PCH ,IR<7:0> 
-+ PCl (PCl is loaded 
with 8-bit destinaton 
address embedded 
in the 
instruction. 
PCLATH is unchanged. 


b) 
CALL GOTO: 


A 13-bit destination 
address is provided 
in the 
instruction 
IR<12:0> -+ PC <12:0> 
PC<15:13> -+ PCLATH<7:5> 


c) 
Read PCl (Any instruction that reads PCLl: 


PCl -+ data bus -+ AlU or destination 
PCH -+ PCLATH 


d) 
Write PCl (Any jnstruction that writes to PCL): 


8-bit data -+ data bus -+ PCl 
PCLATH -+ PCH 


e) 
Read-Modify-Write 
(Any instruction that does a 
read-write-modify 
operation 
on PCl, 
such 
as 
ADDWFPCl) 


Read: 
PCl -+ data bus -+ AlU 
Write: 
8-bit result -+ data bus -+ PCl 
PCLATH -+ PCH 


Note that read-modify-write only affects the PCl with the 
result. PCH is loaded with PCLATH. Thus, ADDWF 
PCl, for example will result in a jump within the current 
page. If PC = 03FOh,W = 30h and PCLATH = 03h before 
instruction, PC = 0320h after the instruction. To accom- 
plish a true 16-bit computed jump, the user needs to 
compute the 16-bit destination address, write the high 
byte to PCLATH and then write the low value to PCL 


The follOWing PC related operations do not change 
PCLATH: 


a) 
lCAll, 
RETlW, 
RETURN, RETFIE instructions, 


b) 
Interrupt vector is forced onto the PC, 
c) 
Read-modify-write 
instructions (e.g. BSF PCl) on 
PCL 
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The PIC17C42 has a 16-word x 1- bit hardware stack 
which is not part of data or program space. The PC is 
pushed onto the stack if CALL or LCALL instructions are 
executed or if an interrupt is responded to by branching 
to the corresponding interrupt vector. The stack is POPed 
into the PC if a RETURN, RETLW or RETFIE instruction 
is executed. The top of the stack is not addressable in 
any other way. 


26.1 
STACK AVAILABLE STATUS BIT 
(BIT 5. CPUSTAI 


STKAVL is a read only status bit that indicates any stack 
overflow error. STKAVL is set on reset and stays set 
unless the following situation occurs: 


If stack is full: Le. there are 16 entries in the stack the 
STKAVL is cleared. If the stack is popped (by RETURN, 
RETLW or RETFIE instruction) then STKAVL 
is set 
again indicating 'stack availability'. 


If, however, a push takes place instead (due to CALL, 
LCALL or interrupt), then stack overflow occurs. In this 
event, the first entry is lost and STKAVL is permanently 
cleared. Under this condition, the only way STKA VL will 
be set is via reset. 


STKAVL usage caution: If the stack is empty, a POP 
(due to RETURN, RETLW or RETFIE) followed by a 
PUSH, will permanently clear STKAVL. 


For a description of CPUSTA register, see Figure 4.5.1. 


2.6.2 
USING THE STKAVL BIT 


One way to use the STKAVL bit is to test it at the 
beginning of every subroutine or interrupt service rou- 
tine. If STKAVL is clear, then all stack locations are used 
(and presumably no error has occurred yet). In such 
case, interrupts must be disabled in the subroutine. 
Also, no subroutine calls must be made unless software 
stack management is invoked. 


2.7 
Interrupt Logic 


The PIC17C42 has 11 interruptsourcesthatare 
mapped 
into 4 interrupt vectors. The interrupt logic is controlled 
by the INTSTA register and the global interrupt disable 
bit (GLINTD) in CPUSTA register. See Figure 4.5.1 for 
a description of CPUST A register. 
Four hard-wired 
vectors allow fast interrupt response time. Worst case 
latency is three instruction cycles when only one inter- 
rupt at a time is being serviced. Interrupt nesting to 
multiple levels is possible by enabling interrupts within 
the service routine. When an interrupt occurs, the cur- 
rent PC value is pushed onto the stack and the vector 
corresponding to the interrupt source is loaded into the 
PC. 


NOte1t IndivldUallhteriupt fIa$t bitsare$$t regard· 
less of the status of the COITespondlng 
mask 
bit or the GUNTO bit. 


NOte 2: 
If an lnterrtlpl()l:CUaiWhilethe 
Global Intel'- 
rupt Disable (GUNTO) bit is being SEll, the 
GlINTD 
bit may unintentionally 
be re-en- 
abled by the user'S.~;JE 
lostruction at 
th&and Ofthe l(\terrupt 
SetVic::&Routine (the 
RETFIElnstruction). 
Theevents 
thatwould 
cause this to occur are: 


1. An instruction set$ltle·GUNTO 
bltWhlfe 
en interrupt is acknowl&dged 
2. The program branches to ltle Interrupt 
vector and ~)(eeutestie Interrupt Ser~ 
'liCe Routine.. 
3. Thelnterrupt8ervlceRoutlneeompletes 
with the execution of ltle RETFIE in- 
structlon. 
ThiscausestheGUNTD 
blttobecl6ared 
(enables interrupts), and the program 
returns to ltle instruction alter the one 
Which was rneantto 
disable 
interrupts. 


The 
method to ensure 
that interrupts 
are 
globally 
disabled 
Is: 


1. Er'l$U(ithafttle 
aUNTO bilwas cklated 
by ltle lnstnJctfon, as shown in the f0l- 
lowing code: 


LOO't>8$0 
Ci'US'1'I\, \1l;.:!NTl> 
p.l.t'iah:t$ 
O,1obal 
Interrupts 
BTPSS CPUSTA. GL:tNTD 
Global 
Interrupts 
Pit'i4bled? 
<lOTO 
LOOP 
NO. try again 
Yes, 
cOll;tinue 
with prQgraJl\ 
flow 


r~®~~m~l1lJ~uY' 


2-615 


• 


Each interrupt has a request flag bit and a 
mask bit 
associated with it. The registers that hold these bits are 
INTSTA (file 07h), PIR (Bank 1, file 16h) and PIE (Bank 
1, file 17h). See Table 3.7.1 for details. 


Interrupt flag bits INTIR TOIR or RTXIR are cleared 
automatically 
in hardware. PEIR is not cleared auto- 
matically since it is not a latched bit. PEIR is simply the 
OR of all the individual peripheral interrupt flag bits such 
as IRB, TM31R, etc. Therefore, if PEIR is the source of 
the interrupt, the user must clear, in software, the actual 
peripheral interrupt flag bit. The global interrupt disable 
bit, GLiNTD, is set, preventing any further interrupt. To 
enable interrupts from the service routine the user must 
clear GLiNTD. 
The user must first clear the current 
interrupt flag bit to prevent recursive vectoring to the 
same service routine. 


The TABLWT instruction, in a long write situation (Le. 
writing to on-<:hip EPROM location) must be terminated 
with an interrupt. On completion, TABLWT clears the 
interrupt flag in the same exact fashion as an interrupt 
response, Le. INTIR, RTCIR or RTXIR flag will be 
cleared if responsible for ending the TABLWT. 


2.7,2 PERIPHERAL INTERRUPTS 


All peripherals use the same interrupt vector, 0020h. 
The individual peripheral interrupt request bits are 'OR- 
ed"together. When multiple peripheral interrupt sources 
are enabled, the priorities have to be determined by 
software. Each peripheral has its own interrupt enable 
and request bit(s). In addition, the PEIE (Peripheral 
Interrupt Enable) bit acts as a global enable bit for all 
peripheral interrupts. There is a common peripheral 
interrupt 
request 
status 
bit (pEIR, 
bit 7, register 
INTSTA)which 
is a logical OR of all the individual 
peripheral interrupt request flags. This is a read only 
status bit useful for quickly determining if any peripheral 
request is outstanding. 


2.7.3 INTERRUPT AND TABLWT INTERACTION 


On the PIC17C42, the TABLWT instruction can be used 
to either program the on-<:hip EPROM or to write to an 
external memory mapped in address space. In order to 
accomplish 
a write to internal program memory (Le. 


program the EPROM), interrupts are required to time the 
programming event. If a TABLWT is executed and the 
table-latch is pointing to an internal memory location, the 
PIC17C42 goes into a long write (i.e. programming is 
initiated). The PIC17C42 stays in a long write mode until 
either an unmasked interrupt occurs or the chip is reset. 
If an unmasked interrupt occurs the long write is termi- 
nated, the interruptthat caused the termination is cleared 
in hardware (except for peripheral interrupts which are 
never cleared in hardware). 
Only the interrupt that 


caused the termination of the TABLWT instruction is 
cleared. 
In the case where an interrupt is pending, the 
TABLWT is aborted and no programming occurs but the 
interrupt flag is still cleared. This sequence of events is 
true for any TABLWT regardless of an internal write or an 
external write. 


A table write to locations off-<:hipto the PIC17C42 are 
handled much the same way as internal writes. 
The 
major difference is that the table is forced to be a two- 
cycle only instruction since it will only take one cycle to 
actually write the external memory locations. The inter- 
rupt interaction, however, is the same. If an unmasked 
interrupt is pending oroccurs dUringan external TABLWT, 
the interrupt is cleared (except for peripheral interrupts). 
Since the external TABLWT is already forced to a two- 
cycle instruction, the external TABLWT is already forced 
to a two-<:ycle instruction, the external write still occurs. 


lithe application isdoing an external TABLWT and using 
hardware clearable interrupts (RT,INT, TMRO), then it is 
important to mask those interrupts during a TABLWT so 
the interruptflag is not cleared as a result olthe TABLWT. 


Interrupt 
Flag location 
Interrupt 
Mask bit 
Interrupt Source 
Priority 
Vectors to 
flag 
bit, Register 
mask bit 
location bit, 
Register 


INTlR 
bit 4,INTSTA 
INTIE 
bitO,lNTSTA 
External interrupt on INT pin 
Highest priority 
0008h 
TOIR 
bit S,INTSTA 
TOlE 
bit l,lNTSTA 
TMRO overflow interrupt 
2nd priority 
0010h 
RTXIR 
bit 6, INTSTA 
RTXIE 
bit2,INTSTA 
External interrupt on RT pin 
3rd priority 
0018h 
PEIR 
bit 7, INTSTA 
PEIE 
bit 3, INTSTA 
Any peripheral interrupt 
Lowest priority 
0020h 


IRB 
bit 7, PIR 
IEB 
bit 7, PIE 
Port B inpu1change interrupt lowest priority 
0020h 
TM31R 
bit 6, PIR 
TM31E 
bit 6, PIE 
Timer/Counter3 interrupt 
(All these 
TM21R 
bitS, PIR 
TM21E 
bit 5, PIE 
Timer/Counter2 interrupt 
peripheral 
TMllR 
bit 4, PIR 
TMllE 
bit 4, PIE 
Timer/Counterl 
interrupt 
interrupts are 
CA2IR 
bit 3, PIR 
CA2IE 
bit 3, PIE 
Capturel 
interrupt 
OR'ed together 
CAllR 
bit 2, PIR 
CAllE 
bit 2, PIE 
Capture2 interrupt 
to generate 
TBMT 
bit 1, PIR 
TXIE 
bit 1, PIE 
Serial port transmit interrupt 
PEIR) 
RBFL 
bit 0, PIR 
RCIE 
bit 0, PIE 
Serial port receive interrupt 
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I 
PEIR I 
RTXIR I 
TOIR 
I 
INTIR I 
PEIE I 
RTXIE I 
TOlE 
I 
INTIE 
I 


bit 0 


~ 


R = Read only bit 
RIW = Readablelwritable 
bit 


U= Unused, 
reads as 0 


INT interrupt 
request flag. set by rising or falling 
edge 
on 
INT 
pin. 
Reset 
automatically 
b) 


hardware. 


TMRO 
timer 
interrupt 
request 
nag. 
Set 
when 
TMRO 
overflows. 
Reset 
automatically 
bl 


hardware. 


R = Read only bft 
RIW = Readablelwritable 
bit 
U = Unused, 
reads as 0 


serial 
port receive 
interupt. 
Set when 
receive 


buffer 
(RCREG) 
is full. 
Reset 
when 
receive 


buffer is empty. It is a read only bit. 


Transmit 
interrupt. 
Set when 
transmit 
buffe, 
(TXREG) 
is empty. 
Reset when transmit 
buffer 
is full. It is a read only bit. 


Capture1 
interrupt. 
set when a 
capture 
event 


occurs. 
Reset by scftware. 


If capture1 
is enabled 
(CA1/PR3 
= 1) then this 
interrupt 
is set when timer3 
overflows. 


If capturel 
is disabled 
(CA1/PR3 
= 0) then the 


interrupt 
will 
be 
generated 
when 
timer~ 


reaches 
period 
value 
and 
resets. 
Reset 
by 
software. 


PORTB 
interrupt. 
Set 
when 
PORTB 
input 


changes. 
(from 
port 
latch 
value) 
Reset 
in 


software 
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A = Aead only bit 
RIW = Aeadable/Writable 
bn 


U = Unused, 
reads as a 


o : Disable receive Interrupt (ABFL) 
1 : Enable receive interrupt (ABFL) 
o : Disable transmit 
Interrupt (TBMT) 


1 : Enable transm~ 
Interrupt (TBMT) 
o : Disable capturel 
Interrupt (CA ltA) 
1 : Enable capturel 
Interrupt (CAliA) 
o : Disable capture2 
Interrupt (CA2IA) 
1 : Enable capture2 
Interrupt (CA2IA) 
o : Disable Timerl 
Interrupt (TM l1A) 


1 : Enable Timerl 
Interrupt (TM ltA) 


o : Disable Timer2 
Interrupt (TM2IA) 


1 : Enable Timer2 Interrupt (TM2IA) 
o : Disable Timer3 Interrupt (TM3IA) 
1 : Enable Timer3 interrupt (TM3IA) 


o : Disable Port B Interrupt (lAB) 
1 : Enable Port B interrupt (lAB) 


2.7.4 
INT AND RT EXTERNAL INTERRUPTS 


INT and RT external interrupts can be positive or nega- 
tive edge triggered, selectable in software. INT interrupt 
is generated on falling edge if INTEDG = 0 or on rising 
edge if INTEDG = '1'. Similarly, setting bit RTEDG = '0' 
will generate TOCKI pin interrupt on falling edge whereas 
RTEDG = '1' will trigger RT interrupt on rising edge. The 
timing requirements on INT and RT inputs are as follows: 


tlNTH= tRTIH= INT or RT high time ~ 25ns 


tlNTL= tRTIL= INT or RT low time ~ 25ns 


Please note that changing edge selection for INT or RT 
pin may generate a false 
interrupt. 
The user should 
clear the INTIR or the RIXIR 
bit after changing edge 
setting. 


See RTCSTA (register file 05h) for bit allocation. 


0: TMRD increments and/or TOCKllnterrupt 
generated 
on a failing edge on TOCKI pin. 
1 : TMAO Increments and/or AA lfTOCKllnterrupt 


generated 
on a rising edge on RA 1!TaCKI 
pin. 
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The Arithmetic 
and Logic Unit of the PIC17C42 
is 


capable of carrying out arithmetic or logical operations 
on two operands or a single operand. All single operand 
instructions operate either on the W register or a file 
register. 
For two operand instructions, 
one of the 


operands is the W register and the other one is either a 
file register or an 8-bit immediate constant. 


Register ALUST A 
R = Read only bit 


F~e 04h 
ANi = Readablelwrilable 
bit 


Reset value: 
1111 XXXXb 
U = Unused 
reads as 0 


~ 
set by amhmetic 
instructions 
when a carry 


out from MSB occurs. 
Also affected 
by rotate through 


carry instructions. 


~ 
set by arithmetic 
instructions 
when a carry 


from lower nibble to upper 
nibble occurs. 


ZWll..EIag; 
set to '1' when the resuK of an ari1hmetic or 
logical operation 
is zero. 


Overflow 
Flag' 
Set to '1' when 
an overflow 
(from 


magn~ude 
to sign bit) occurs 
in an ari1hmetic operation. 


It is the XOR of carry-in 
and carry-<lUl 
of the MSB bit. 


fSRO 
Mode 5eIect· 
00: Post auto-decrement 
fSRO 
01: Post auto-increment 
fSRO 


10: Reserved 
(currenUy same as 11) 
11: No change to fSRO 


FSRl 
Mode select· 
00: Post aut()-<jecrement 
fSRl 
01: Post auto-increment 
fSRl 


10: Reserved 
(currently same as 11) 
11: No change to fSR 1 
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3.0 SPECIAL FEATURES 
OF THE 
CPU 


What sets apart a microcontroller from other processors 
the most are special circuits to deal with the needs of 
real time applications. The PIC17C42 has a host of such 
features intended to maximize system reliability, mini- 
mize cost through elimination of costly extemal compo- 
nents, provide power saving operating modes and offer 
code protection. 


The PIC17C42 has a Watchdog Timerwhich can be shut 
off only through EPROM fuses. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscilla- 
tor Start-up Timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
Power-up Timer (PWRT), which provides a fixed delay 
of BOmsnominal on power up only, designed to keep the 
part in reset while the power supply stabilizes. With 
these two timers on chip, most applications need no 
extemal reset circuitry. The SLEEP mode is designed to 
offer a very low current power-down mode. The user can 
wake up from SLEEP through external reset, Watchdog 
Timer timeout or through an interrupt. Several oscillator 
options are also made available to allow the part to fit the 
application. The RC oscillator option saves system cost 
while the LF (Low Frequency) crystaVresonator option 
saves power. A set of EPROM configuration bits (fuses) 
are used to select various options. Additional EPROM 
fuses are included for COde-security. 


3.1 Reset 


The reset logic resets the complete PIC 17C42 circuitry 
as follows: 


• Oscillator buffer is enabled (Le. oscillator is restarted 
if waking up from SLEEP through reset). 


• Program Counter is reset to OOOOh. 
• All registers are reset as described in Table 1.6.2. 
• Watchdog timer and its prescaler are cleared. 
• Internal phase clock generator is held in 01 state. If 
external execution is selected, ALE output is held low 
while OE and WR outputs are driven high. 
• 1/0 ports B, C, D and E are configured as inputs. In 
case of port B, the weak pull-ups are activated. Ports 
RA2 and RA3 revert to high impedance state. 


There are three events which can cause a device reset. 


a) 
Power-On Reset :Voo rise is detected (1.2V - 2.0V 
range) 


b) 
External reset: "Low" level on the MCLR input 


c) 
WDT reset: Watchdog Timer Timeout 


The RESET condition is maintained as long as: 
a) 
The MCLR input is "low" 


b) 
MCLR has gone high but the Power-up Timer 
(PWRT) is active, (Le. has not timed out) 


c) 
MCLR has gone high but the Oscillator Start-up 
Timer (OST) is active (Le. has not timed out) 


OST 


10 bit Ripple counter 


POWER_UP 
(Enable tile PWRT timer 
only if it is power_up.) 


~ 


POWER_UP +WAK,,-UP) 
(XT + LP) 
Enable the CST if it is poweCUP or wake_up 
om SLEEP and OSC type is XT Q( LP) 
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The PIC17C42 can accept an external clock input on 
OSC1 pin or will run off external crystal or ceramic 
resonator connected between OSC1 and OSC2 pins. It 
also has an RC oscillator mode in which an external R 
and C combination can be connected to OSC1 pin. The 
choice is made by EPROM fuses FOSC1 and FOSCO. 
These fuses are mapped in program memory locations 
FE01hand FEOOhrespectively. Refer to section 4.8 for 
details on the fuses. 


FOK1. - 


OSC1 Pin 
OSC2 Pin 
Freq. 


FoocO 
Function 
Function 
Renge 
Fu_ 


11 
EC: 
EJdemal 
Clod< 
Input 
Extemal dock 
CLKOUT 
OC>25Mhz 
ilput 
output 


01 
RC: 
RC oscillator 
EJ<1ema1RC 
CLKOUT 
DC-4M'lz 


mode 
oscillator 
output 
connection 


10 
XT: 
Crystal oscillator 
Crystal 
Crystal 
0.2·25Mhz 
mode 
connection 
connection 


00 
LF: 
Low frequency 
Crystal 
Crystal 
32·2OOKhz 
aystal 
oscillator 
connection 
connection 
mode 


3.2.1 EC: EXTERNAL CLOCK INPUT MODE: 


The OSC1 input can be driven by CMOS drivers (figure 
4.2.1A).ln this mode, the OSC1 pin is a high impedance 
CMOS input. The OSC2 pin outputs CLKOUT (fre- 
quency=foscl4). 
See Figure 3.2.1 fortimingofCLKOUT. 


3.2.2 RC: RC OSCILLATOR MODE: 


An external Rand C combination can be connected to 
OSC1 pin (Figure 3.2.1 B). The RC oscillator mode 
provides a very cost effective solution. However, the 
frequency of oscillation will vary with Vcc, temperature 
and from chip to chip due to process variation. It is, 
therefore, not the right choice for timing sensitive appli- 
cations where accurate oscillator frequency is desired. 
The OSC2 pin, in this mode, outputs CLKOUT (freq. = 
foscl4). See Figure 3.2.1 for timing of CLKOUT. 


In this mode a crystal or a ceramic resonator can be 
connected across OSC1 and OSC2. (Figure 3.2.1C). 
The crystal must be of fundamental mode. If an overtone 
mode crystal is used (which is common above 20 MHz) 
then a tank circuit must be used to attenuate the gain at 
fundamental frequency (Figure 3.2.1 D) 


3.2.4 
LF: LOW FREQUENCY CRYSTAL 
OSCILLATOR MODE: 


This is same as the Xl mode, (Figure 3.2.1E) exceptthat 
it is suitable for crystals of frequency range 32 KHz to 
200 KHz. 


TABLE 3.2.2 - CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATORt 


I 


LF 
32KHz 
300pF 
300pF 
50KHz 
15pF 
300pF 
100KHz 
50pF 
200pF 
200KHz 
50pF 
200pF 
Xl 
1MHz 
500pF 
500pF 
2MHz 
500pF 
500pF 
4MHz 
300pF 
300pF 
8MHz 
200pF 
200pF 
16MHz 
200pF 
100pF 
25M Hz 
TBD 
TBD 
t This table is for design guidance. 
The values shown 
here are from a single manufacturer. 
Other crystal may 
require different C1 and/or C2 values. 
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FIGURE 
3.2.1 - DIFFERENT 
OSCILLATOR! 
CLOCKIN 
OPTIONS 


3.2.1 D XT CRYSTAL OSCILLATOR 
MODE 
(OVERTONE 
CRYSTALS) 


CLKOUT 
OSC2 


PIC17C42 


T 


C 


OSC2 


CLKOUT 
PIC17C42 


To Fi"er the fundamental 
frequency 


L~2 = (2Kf)2 


Where f= tank circun resonant 
frequency. This should be midway 


between 
the fundamental 
and the 3rd overtone 
frequencies 
of 


the crystal. 
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3.3 
Oscillator 
Start-up Timer (OSD 


The OST provides a 1024 oscillator period delay on 
power-up and on wake up from SLEEP. This delay is 
provided by a 10-bit ripple counter. On power-up, the 
delay begins from the rising edge of MCLR. On wake-up 
from SLEEP the time-out is counted from the time the 
wake-up event occurs. Since the OST counts oscillator 
signal on OSC1 pin, the counter only starts counting 
when amplitude on OSC1 pin reaches a certain accept- 
able limit. The OST time-out allows the crystal oscillator 
(or resonator) to stabilize before the chip is taken out of 
reset. The circuit will function with crystals of any fre- 
quency. This time-out is not invoked in RC oscillator 
mode or external clock (EG) mode. 


3.4 
Power-up Timer (PWRD and Power-on 
Reset (POR) 


The function of the PWRT timer is to provide a fixed 80 
ms (typical) delay only on power-up. This is provided by 
a 1O-bitripple counter whose input clock comes from an 
on chip RC oscillator. The time-out is counted from the 
rising edge of MCLR. The purpose of this time-out is to 
allow the Voo supply to reach acceptable level before 
the part is taken out of reset. 


An internal Power-on Reset pulse (POR) is generated 
when a Voo rise is detected during initial power-up of the 
chip. (when Voo = 1.2V to 2.0V nominally). 
The POR 
signal resets internal registers as described in Table 
1.6.2. The user should note that the on-ehip circuitry 
does not generate an internal reset when Voo goes 
down, Le., it does not provide brown out protection. 
Figures 3.4.1 and 3.4.2 shows possible external brown- 
out protection circuits. Also Voo must come up from Vss 
(nominal) for a POR signal to be generated. The PWRT 
timer and OST timer guarantee proper power-on reset 
without external components. 
This is done by simply 
tying the MCLR pin to Voo (Figure 3.4.4). As Voo comes 
up, POR is generated and MCLR is sensed as '1' inside 
the chip, both OST and PWRT timers begin time-out. 
The 80ms (nominal) delay of the PWRT allows Voo to 
rise above Voo min. spec. If the rise time of Voo is much 
slower such that at the end of the time-out Voo has not 
reached an acceptable level (as in Figure 3.4.6), then 
external RC delay must be added on MCLR pin. 


The following table shows the time-outs for different 
oscillator types. 


Oscillator 
Power-up 
Wake-up from 
Type 
SLEEP 


EC 
80ms 
- 


RC 
80ms 
- 


XT 
Greater of 80 ms 
1024 tosc 
and 1024 tosc 


LP 
Greater of 80 ms 
1024tosc 
and 1024 tosc 


FIGURE 3.4.1 • BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This circuit will activate reset when Voo goes 
below (VZ + 0.7 V) where VZ = Zener voltage. 


FIGURE 3.4.2 - BROWN OUT PROTECTION 
CIRCUIT 


Notes: 
1. This brown circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when Voo is 
below a certain level such that: 


R1 
Voo· 
R1 +R2 
=0.7V 
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\ttl --1, 


MCi:R ---;--------.J1 


INTERNAL 
POR --.ll 
! 


t""", 
=== 
-+-_---Jr- 


PWRT 
TIME.QUT 


"'OO;::;T'""T"'IME;;::'.QU=T 
---;-_---!r-- 
:.----.: 
~ 
tOOT: I 


FIGURE 3.4.5 - INTERNAL RESET (Voo AND 
MCLR TIED TOGETHER) 


VOO 


MCLR 


Note: 
In this exarrple t OWRT> 
t OSTaswould be the case 


in 
higher 
frequency 
crystals. 
For 
lowel 


frequency 
crystals 
(i.e. 
32 
Khz) 
tOST will 
be 
greater. 


FIGURE 3.4.6 -INTERNAL 
RESET (Voo AND 


MCLR TIED TOGETHER): 
SLOW Voo RISE TIME 


: 
5V 


~------r- 
-Jl 
: 


I,." 
tPMU r i:r-- 


; 
I 


-: 
:--- 
tOST 


-OS-T-T-IM-E-.OU-T----I 


Voo 


MCLR 


INTERNAL RESET 
~r-- 


Note: 
In this example 
tPWRT > tOST, as would 
be 


the case 
in higher 
frequency 
crystals. 
For 


lower 
frequency 
crystals. 
(i.e. 32 Khz) tOST 


will be greater. 


FIGURE 3.4.7 - OST START UP TIMING 


DETAILS 


voo~ 


MCLR~ 


OSC2~ 


~ 
~tOSC1 
~ 


OST TIME_OUT 
I:" 
lOST ••r-- 


PWRTTIME_OUT 
1 


i"" 
tp~T 
•• ! 


This figure 
shows in greater detail the timings involved 


wilh the oscillator 
starl-up 
timer. 
In this example 
the 


low 
frequency 
crystal 
start-up 
lime 
is larger 
than 


power-up time (tPMU). 


tosc, = time 
for 
the 
crystal 
oscillator 
to 
reac~ 


oscillation 
level 
detectable 
by the 
oscillator 


start-up timer (OST) 
tOOT= 
1024 losc 
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3.5 Sleep Mode 


The full static design of the PIC17C42 makes it possible 
to putthe part in a power saving SLEEP (or power down) 
mode in which all on chip clocks are stopped. 


The SLEEP mode, entered by executing 
a SLEEP 


instruction, 
shuts down the oscillator, sets TO (bit3, 


CPUSTA), clears PD (bi12, CPUSTA) the Watchdog 
Timer and its prescaler. 
In XT or LP mode, both OSC1 


and OSC2 are placed into high-impedance state. In EC 
and RC modes, OSC1 pin is placed in high-impedance 
state while OSC2 is driven low. No clocks are presented 
to the internal logic even when an external clock is 
present on the OSC1 pin. 
The chip will remain in a 


completely 
static condition with the following excep- 


tions: 


a) 
If the Watchdog Timer is enabled, it will 
keep 


running and will consequently wake up the chip on 
time-out. 


b) 
Signal edges on the TOCKI pin (rising or falling 
whichever is defined to be the active edge by the 
RTEDG 
control 
bit) will 
increment 
the TMRO 
prescaler (an asynchronous 
ripple counter) if an 
external clock source is selected for TMRO. The 
TMRO itself will not increment. 


c) 
Any external interrupt event, such as RT, INT, 
capture1 orcapture2 interrupt will wake the proces- 
sor provided the corresponding interrupt mask bit 
was enabled when entering SLEEP mode. If global 
interrupt disable is off (GLlNTD=O) then the chip will 
jump to corresponding interrupt vector on wake-up. 
Otherwise the chip will wake up and resume execut- 
ing without responding to the interrupt (i.e. will not 
branch to interrupt vector). 
d) 
Any peripheral operating independent of the inter- 
nal processor clock can change its status due to 
external events. Specifically, the serial port receive 
shift register will shift in data in synchronous slave 
(external clock) mode. 


Besides the on-chip oscillator, any circuitry that con- 
sumes 
current is turned off in SLEEP mode. This 


includes the entire EPROM and, inparticular, the EPROM 
fuses. The only fuses that will remain active are the WDT 
fuses (FWDTO, FWDT1). If minimal SLEEP current is 
desired, the user should consider turning off the watch- 
dog timer. Since fuses consume current in '1' state. 
Turning WDT off not only saves the operating current it 
requires, but also saves fuse current due to FWDT1 or 
FWDTO fuses. All I/O pins maintain their status during 
SLEEP. 


3.5.1 WAKE-UP FROM SLEEP 


Once the chip has entered the SLEEP mode it can only 
be awakened by one of the following events: 


a) 
Bringing VDD down to zero and back up to opera- 
tionallevel will induce a power on reset and wake up 
the chip. 


b) 
Applying a "low" level on MCLR pin 
c) 
A Watchdog 
Timer timeout 
(WDT must be en- 


abled). TO status bit will be cleared in this case. 


d) 
The following interrupts can wake up the processor 
from SLEEP: 
1. External interrupt on TOCKI pin 
2. External interrupt on INT pin 
3. Capture1 interrupt, due to a capture event on the 
RBO/CAP1 pin. The prescaler on the capture 
input will operate during SLEEP. The actual 
capture of the timer value will occur when execu- 
tion resumes after wake-up (which is therefore, 
not meaningful). 


4. Capture2 interrupt. 
5. Input change on PORTB interrupt 
6. Synchronous slave mode transmission interrupt: 


If synchronous transmission is in progress (using 
external clock) at the time the processor is put to 
SLEEP, a TBMT interrupt will be generated at the 
end of the transmission and wake the chip-up. 


7. Synchronous slave mode reception interrupt: If 


synchronous reception is enabled (CREN = 1) 
before the chip goes into SLEEP, then RBFL 
interrupt will be set at the end of a reception (if a 
receive word came during SLEEP) which will 
wake the chip-up. 


If GLlNTD = 0, the normal interrupt response takes 
place. If GLlNTD = 1, the chip will resume execution 
starting with the instruction following the SLEEP instruc- 
tion. It will not vector to interrupt service routine. 


If selected oscillator type is XT or LF then the Oscillator 
Start-up Timer (OST) is activated on wake-up. This will 
mean that the timer will keep the part in reset for 1024 
tosc. The user needs to take this into account when 
considering interrupt response time coming out of SLEEP. 
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3.5.2 
INTERRUPT/SLEEP 
INTERACTION 


If an interrupt occurs during the very cycle a SLEEP 
instruction is fetched, it will be recognized in the follow- 
ing cycle (which is the execution cycle of the SLEEP 
instruction) 
preventing the processor from going into 
SLEEP. The SLEEP instruction will effectively execute 
as a single cycle NOP. The PO bit will not be cleared. 


3.5.3 
MINIMIZING CURRENT CONSUMPTION 
IN 
SLEEP MODE 


The SLEEP mode is designed to reduce power con- 
sumption. To minimize current drawn during SLEEP 
mode, the user should turn-off output drivers that are 
sourcing or sinking current, if it is practical. Weak pull- 
ups on port-pins should be turned off, if possible. 
All 


inputs should be either at Vss or at Voo (or as close to 
rail as possible). An intermediate voltage on an input pin 
causes the input buffer to draw a significant amount of 
current. 


Register. CPUSTA 
R = Read only 
File 06h 
RIW = ReadableoWrilabie 
bit 
Power-on-Resel 
Value: 
U = Unimplemented. 
reads as '0' 


OOIIIIODb 


Power-<lown status bit. 
PO = 0 indicates 
thaI the chip was in power-<lown 
(SLEEP 
mode). 


PO is set to '1' on power-on 
reset. 
II is cleared when a SLEEP instruction 
is executed. 


II is unaffected 
otheMise. 
The user should look at this coming 
out of reset to detennine 
how the reset was eaused (Table 4.5.1.1). 


TIme-out status bit. 
TO = 0 indicales 
WDT time-out. 
TO is set on power-on 
reset. 


It is cleared when WDT times out. 
It is unaffected 
othelWise. 


The user should look at this coming out of reset 10 delennine 
how 
the reset was eaused (Table 4.5.1.1). 


Global Interrupt Disable bit. 
GLlNTD 
= 0: 
Enables all interrupts. 
For an interrupt 10 be 
enabled. 
its individual 
enable bit must also be a 'I'. 


GLlNTD 
= 1: 
Disables all inlerrupts. 


Stack available 
bit. 


STKA VL = 2 indicales 
Slack is available. 


STAKVL 
= 0 indicates 
stack is full or a Slack-error 
may have occured. 


see section 3.6.1 for a delailed 
description. 


ChiD function 
elter 
event 


Chip 
Statue 
o.cillator 
Event 
before 
event 
PC 
Circuit 
OST 
TO 
PO 
Not •• 


Power on reset 
Don'leareסס oo 
on 
yes 
1 
1 
~reset 
Normal operationסס oo 
on 
no 
u 
u 
SLEEP 
instruction 
Normal operalion 
N+l 
off 
no 
1 
0 
MCiJj wake-up 
SLEEPסס oo 
on 
yes(2) 
u 
u 
WDT tillllHlUt 
Normal operalionסס oo 
on 
no 
0 
u 
WDT wake-up 
SLEEPסס oo 
on 
yes(2) 
0 
u 
Interrupt 
Normal operalion 
Vector 
on 
no 
u 
u 
Inlerrupt 
wake-up 
SLEEP,GLlNTD=O 
1. N+l 
on 
yes(2) 
u 
u 
1 
2.Vector 
Interrupt 
wake-up 
SLEEP.GLlNTD=1 
1. N+l 
on 
yes(2) 
u 
u 
1 
2. N+2 


Legend 
Notes 


PC 
Program 
Counter 
contents 
alter 
the 
event 
Note 
1: 
The 
instruction 
at"N+ 
1" executed, 
alter 
wake 
up. 


TO 
Time 
Out 
status 
bit 
alter 
the 
event 
Step 
2 depends 
on the status 
of the GLlNTD 
bit at 


PD 
Power 
Down 
status 
bit alter 
the 
event 
the 
time 
of 
the 
event. 
If GLlNTD 
was 
"0", 
the 


N 
Address 
of SLEEP 
instruction 
program 
will vector 
to the 
interrupt 
routine. 


U 
No change 
takes 
place 
Note 
2: 
OST 
limer 
is activated 
only 
in XT and LP oscinator 


modes. 
(Soc. 
4.4) 
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3.6 
Watchdog Timer 


The PIC17C42 has an on-ehip Watchdog Timer whose 
function is to recover from software malfunction. The 
Watchdog Timer is an 8-bit asynchronous ripple counter 
with an 8-bit prescaler ( also an asynchronous 
ripple 


counter). The watchdog timer always runs off its own 
intemal RC oscillator. The Watchdog Timer is not read- 
able or writable. It is not mapped in data or program 
memory space. Two EPROM fuses provide four oper- 
ating options for the Watchdog Timer: 


FWOT1, WOTClock 
WOTFunction 
WOT 


FWOTOInputSource 
InputClock 
Period 


1 0 
RCosc 
WOTrunswithprescale= 256 3sec 


o 1 
RCosc 
WOTrunswithprescale= 64 
0.8see 


1 1 
RCosc 
WOTrunswithprescale= 1 
12ms 


00 
OSCl4 
WOTrunsasaregulartimer 
65536Tcy 
withprescale= 256 


Note:0 impliesaprogrammedfuse. 


Fuses FWDT1 abd FWDTO are mapped in program 
memory locations FE03h and FE02h respectively. See 
Section 4.8 for details on how to program fuses. 


The Watchd~ 
Timer and its prescaler are reset and the 


timeout bit, TO (bit3. CPUSTA) set to '1' if: 


a. 
A CLRWDT instruction is executed. 


b. 
A SLEEP instruction is executed. 
c. 
A power on reset occurs. 


Under normal circumstances, 
the user program is ex- 


pected to clear the Watchdog Timer on a regular interval. 
If the program fails to do so, the WDT will overflow and 
resetthe chip. The Watchdog Timer and its prescaler are 
physically the same as the Power-up Timer (PWRT). 
They simply perform different roles in and outside reset 
condition. 


3.6.1 
WDT AS A REGULAR TIMER 


Setting fuses FWDT1 and FWDTO as O's will configure 
the WDT as a simple timer. In this mode the timer 
increments on internal OSC/4 clock with a prescale of 
256 (Le. increments at OSC freq/1 024 rate). On overflow 
TO bit is cleared, but the chip is not reset. In this mode 
the WDT is stopped during SLEEP. 
The TO bit is set 


when a CLRWDT instruction is executed. 


3.7 
Code Protection and Write Protection 


The code in the user EPROM may be protected from 
piracy 
by selecting 
'code 
protected 
Microcontroller 


mode.' 
This is done by blowing fuses FPMM1 and 
FPMMOto '0'. A TABLRD instruction, executed from the 
test EPROM attempting to read user EPROM will read 
encrypted data. However, if the instruction is executed 
from an address less than 2K (Le. from user EPROM), it 
will read un-encrypted data. 


Further, any TABLWT instruction executed from the test 
EPROM and attempting to write to the user EPROM, will 
not result in programming of the destination. However. 
the instruction will still need to be terminated 
by an 


interrupt condition and the table latches will still be 
written. 
A TABLWT instruction, executed from an ad- 


dress less than 2K can program any user EPROM 
location regardless of code protection. 


The above measures essentially prevent read, verify or 
programming of any user EPROM location from outside. 
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3.8 
Configuration fuses 


Configuration fuses are EPROM bits that can be pro- 
grammed (reads '0') or left unprogrammed (reads '1') to 
select between options (e.g. operating 
modes). For 
simplicity of programming they are mapped into pro- 
gram memory. This also makes it possible to read the 
fuse values (only in microcontroller modes). Each fuse 
is assigned one program memory location. In erased 
condition a fuse will readasa 
'1'. To program (or "blow") 
a fuse, the user needs to write to the fuse address using 
a TABLWT 
instruction. 
Regardless 
of the data, a 
TABLWTto a fuse location will bow the fuse. Thefuses 
and their addresses are shown in Table 4.8.1. 


Reading configuration fuses: Reading any fuse location 
in the address range FEOO:FE07hwill read all eight fuse 
values in the lower byte and all 1's in the upper byte. 
Fuse located at FEOOhwill show up in bit 0 and so on. 
The fuse locations are accessible only in microcontroller 
and secure microcontroller modes. 
In microprocessor 
and extended microcontroller modes, this section of the 
program memory is mapped external (see Figure 1.5.2) 
making the fuse locations inaccessible. 


Fuse 
Address 
Function 


FOSCO 
FEOOh 
FOSC1, 
FOSCO: 


FOSC1 
FE01h 
00 : LF oscillator 
mode 
01 : RC oscillator 
mode 
10: 
XT oscillator 
mode 
11 : EC (external 
clock 
mode) 


FWDTO 
FE02h 
FWDT1, 
FWDTO : 


FWDT1 
FE03h 
10 : WDT prescale 
is 256 
01 : WDT prescale 
is 64 
11 : WDT prescale 
is 1 
00 : WDT is a normal 
timer 


FPMMO 
FE04h 
FPMM1, 
FPMMO: 


FPMM1 
FE06h 
00 : Microcontroller 
mode 
(code 
protected) 
10: 
Microcontroller 
mode 
01 : Extended 
microcontroller 
mode 
11 : Microprocessor 
mode 


An array of sophisticated, 
high-speed peripherals are 
incorporated on chip to meet the demands of real-time 
applications. 
All peripherals are highly intelligent and 
have their own interrupts and error handling to free up 
the CPU 
as much as possible. There are three 16-bit 
timer/counters 
one of which can be split into two 8-bit 
timers creating up to four timer/counter resources. Two 
high-speed captures are provided for efficient interface 
to shaft encoders 
and other high-speed 
pulse train 
sources. Two high-speed pulse-width-modulation (PWM) 
outputs with up to 10-bit resolution make it possible to 
control a motor through power drivers. 
There are two 
external 
and several internal interrupt sources. The 
capture pins can be used as interrupt pins making it 
possible to have up to four external interrupts. Finally, 
there are 331/0 pins most of which can be configured as 
inputs or Ou1putsin software. A number of the I/O pins 
are multiplexed with peripheral functions or the system 
bus. In microcontroller 
mode 23 I/O pin are un-multi- 
plexed. 


4.1 
The Bank Select Register CBSRl 


All the peripheral registers are mapped into the data 
memory space. 
In order to accommodate 
the large 
number of registers in the 256 byte data memory space 
without taking away from the general purpose data 
RAM, a banking scheme has been used. A segment of 
the data memory, from address 10h to address 17h, is 
banked. A bank select register (BSR, address OFh) 
selects the currently active "peripheral bank". Effort has 
been made to group the peripheral registers of related 
functionality 
in one bank. However, it will still be neces- 
sary to switch from bank to bank in order to address all 
peripherals 
related to a single task. To alleviate this 
problem, a single cycle instruction, MOVLB (move literal 
value to BSR) is incorporated inthe instruction set. In the 
PIC17C42 only the low four bits of the BSR are physi- 
cally implemented, making it possible to address up to 
sixteen banks. Only four banks are actually used (see 
data memory map in Figure 1.6.1). 
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Reading the PORT 
register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc- 
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 


Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 
EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
UOPORT 


The PIC17C42 has five ports A, B, C, Dand E. Together 
these add up to 33 port pins. Most port pins have an 
associated data direction bit which configures it as input 
(DDR bit='l ') or output (DDR bit='O'). When a port pin is 
read as an input, the value on the pin (and not the data 
latch) is read. 


Most port pins are multiplexed with the system bus or 
peripheral functions. These pins are configured as port 
pins or peripheral inputs/outputs by control bits in corre- 
sponding peripheral registers. Once a port pin is se- 
lected for an alternate 
function, 
its direction will be 
determined by the peripheral logic which will force the 
DDR bit to the required state. 


Ports A, B, C, D and E and their associated 
DDR 


registers are mapped into the data-memory. 
Ports C, 


D anl!.E. mUlt~x 
with the system bus (AD <15:0>, 


ALE, WR and OE). 


Initial 
PORTsettings: 
PORTB<7:4>Inputs 
PORTB<3:0> Outputs 


PORTB<7:6> have external 
pull-up 
and are 
not 
connected to other circuitry. 


PORT latch 
PORT 
pins 
------- 


BCF 
PORTB, 
7 
Olpp pppp 
llpp 
pppp 


BCF 
PORTB, 
6 
lOpp pppp 
llpp 
pppp 


BSF 
STATUS. 
RPO 
BCF 
TRISB. 
7 
lOpp pppp 
llpp 
pppp 


BCF 
TRISB, 
6 
lOpp pppp 
lOpp pppp 


Port Pin 
Bit 
Pin function 
Alternate function 


RAOIINT 
bit 0 
Input only (Schmitt Trigger) port pin 
INT extemal interrupt input 


RAlfTOCKI 
b~ 1 
Input only (Schmitt Trigger) port pin 
TOCKI external interrupt input. It is also the 
extemal clock input for the TMRO timer/counter. 


RA2,RA3 
b~2,3 
Input/output pins w~h Schmitt Trigger input and open- 
None 
drain output. 
To use e~herofthese 
two pins as an input, the user must 
write a '1' to the port data latch. If used as an output, 
external pull-up resistor must be provided. These pins 
can be pulled up to voltages higher than Vcc. 
Also, these two port pins provide higher current sink 
capability (See DC specs for details). 


RA4/RXIOT 
bit 4 
Input only (Schmitt Trigger) port pin 
If the SPEN b~ (bitl, 
RCSTA) is a '1' then this 


pin is configured by the serial port. 
In SYNC mode: It is data input or output (OT). 
In ASYNC mode: It is receive data input (RX). 


RA5ITXICK 
b~5 
Input only (Schmitt Trigger) port pin 
If the SPEN (bitl, 
RCSTA) b~ is a '1' then this pin 


is controlled by the serial port. 
In SYNC mode: It is either clock input (slave mode) 
or the clock output (master mode) in ASYNC mode: 
It is the transmit data output (TX). 


bit6 
This bit is unimplemented 
and reads as '0' 


bit 1 
No pin associated 
This is a control bit (PUEB) for Port B. No port pin 
is associated with this bit. PUEB=O enables weak 
pull-ups on Port B. 
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Function 


Port A pins when read, Port A latch when written 
(RA2IRA3 only) 


RTCC status/control register (configures RAO/INT 
& RA11T0CKI pins) 


Serial port receive status/control register (configures 
RA4/RXIDT and RA51TX1CKpins) 


PORTA does not have an associated data direction 
register. 
When using them as outputs, read-modify- 
write instructions 
(such as BCF, BSF, BTE) are not 
recommended on PORTA, since a read will read the 
port pins but a write will write to the port data latch. Such 
an operation may inadvertantly 
cause RA2, RA3 to 
switch from output to input or vice-versa. 


; values 
to be OOpppppp. The 2nd BCF caused RB? 
; to be latched 
as 
the pin value 
(High). 


File 10h in Bank 0 is PORTA, a 6-bit port. There is no 
Data Direction Register associated with this port. PORTA 
is multiplexed with peripheral functions as described in 
Table 5.1.1. 
See Figure 5.1.1 for block diagram of 
PORTA and 5.0.1 for read/write timing. 


FIGURE 5.0.1 • I/O PORT READ AND WRITE 
TIMING 


i~I~la31~i~la21~I~i~I~la3Ia4i 
I 
I 
I 
I 


AO<15:0> 
I 


Instruction {I 
fetched 
I MOVWF PORTAIMQVPF PORTA,WI 


ALE 
I 
I 
I 


PORTA 
I 
I 
~~t._ 


WR_PORTA 
~ 
~n 
I 
~-----~:-~ 
I: 
I 


I 
Port pin 
I 
I 
I Sampled here I 


iexecu~R~~VWF 
IeX~~T':'~PF 
I 
I Write to port A I 
Read port A 
I 


Register Name 


PORTA 


FIGURE 5.1.1 - PORT A BLOCK 
DIAGRAMS 


Address 


Bank 0, File10h 


Reset Value 


OOXXXXXb 
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PORTB also has an "interrupt on change" feature. When 
configured as input, its output data latch can be used as 
a compare latch. An active high output is generated on 
mismatch between the pin and the latch. The "mis- 
match" outputs of all the input pins are OR-€d together 
to generate the IRB interrupt. All the output pins are 
excluded from the comparison. 
Thus, an interrupt is 


generated when the port input changes. This interrupt 
can wake the chip up from SLEEP mode. 


The interrupt is latched in the IRB bit (bit-7, Register PIR, 
Bank1, File 16h). IRB is readable and writable by the 
CPU. The user, in the interrupt service routine, can clear 
the interrupt in one of two ways: 


a) 
Disable the interrupt by clearing the corresponding 
interrupt enable 
bit, IEB. 
b) 
Read PORTB and write back the pin value to the 
data latch. This will end mismatch condition and 
therefore the mismatch output. Next, the user must 
clear bit IRB. 


PORTB is an a·bit wide bidirectional port. It is mapped 
in BankO, File 12h. Writing to this address writes to the 
port latch while reading it will read the port pins. An a-bit 
data direction register (DDRB, Bank 0, File 11h) config- 
ures each port pin as an input or output. A '0' in the 'DDR' 
register configures the port as an output. Each port pin 
also has a software configurable weak pUll-Up(-100 J.!A 
typical). A control bit PUEB (bit 7, Bank 0, File 10h, 
Register PORTA) can enable (PUEB = '0') or disable 
(PUEB = '1') the pull-ups. The weak pull-up is tumed off 
for any pin configured as output. 


Most of the pins of PORTB are multiplexed with periph- 
eral functions. Table 5.2.1 describes 
their altemate 


functions. When a pin is redefined to be a port pin from 
a peripheral pin, its data direction bit may be left in an 
unknown state. The user will 
need to re-initialize the 
DDR bit property. See Figures 5.2.1 and 5.2.2 for block 
diagrams of PORTB and Figure 5.0.1 for readlwrite 
timing. 


Port Pin 
Bit 
Pin Function 
Alternate 
Function 


RBO/CAP1 
bitO 
Input/Output 
port pin with Schmitt Trigger input 
CAP1: Capture1 input 


RB1/CAP2 
bit 1 
Input/Output 
port pin with Schmitt Trigger input 
CAP2: Capture2 input 


RB2IPWM1 
M2 
Input/Output 
port pin with Schmitt Trigger input 
PWM1 output. This pin is configured 
as the 
PWM1 output if the control bit PWM10N 
(bit 


4, Register TCON2, Bank 3, File 17h) is set to 
'1'. 


RB3IPWM2 
bit3 
Input/Output 
port pin with Schmitt Trigger input 
PWM2 output. 
This pin is configured as the 
PWM2 output if the control bit PWM20N 
(bit 5, Register TCON2, Bank 3, File 17h) is 
'1' 


RB4fTCLK12 
bit4 
Input/Output 
port pin with Schmitt Trigger input 
TCLK12: external clock input for timer1 and 
timer2 


RB5fTCLK3 
bit 5 
Input/Output 
port pin with Schmitt Trigger input 
TCLK3: external clock input for timer3 


RB6 
bit 6 
Input/Output 
port pin with Schmitt Trigger input 


RB7 
bit 7 
Input/Output 
port pin with Schmitt Trigger input 
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PUEB 


r - 
- 
- 
- 
- 
- 
- 
- _(!1itJ ~RWiS\!lf_PQ8TP.\ 
I Match Signal 
I 


I from ~ther 
I 


I port pins 
I 


: 
lAB: 


I 
r 


I 
I 


I 
I 
I 


I 
I 


I 
J 


Rd_DORB 
(O2) 


Rd_PortB 
(02) 


1Prr'®~~m~~~rr'~ 


2-632 


Register Name 


PORTB 
Function 


PORTB pins when read 
PORTB latch when written 


PORTB data direction register 


PORTA datal PUEB bit 


Peripheral interrupt register 


Peripheral interrupt enable register 


Interrupt status register 


CPU status register 


TimerlPWMlcapture 
control registers 


~ 


Bank 0, File 12h 


Bank 0, File 11h 


Bank 0, File 10h 


Bank 1, File 16h 


Bank 1, File 17h 


File 07h 


File 06h 


Bank 3, File 17h 


DDRB 


PORTA (bit PUEB) 


PIR (bit IRB) 


PIE (bitIEB) 


INTSTA (bit PEIE) 


CPUSTA (bit GLiNTD) 


TCON2 


PUEB 


, 
(l!ilJ~~istJlf_P98T]\\ 


t Match Signal 
I 


I from other 
1 


1 port pins 
I 
I 
, 
I 
I 


I 
I 
I 
I 
, 
, 


I 
, 
, 


1 
J 


AcCOORB 
(02) 


Ad_PortS 
(02) 


Reset Value 


XXXXXXXXb 


llllllllb 


OOXXXXXXb 


OOOOOOlOb 


OOOOOOOOb 


OOOOOOOOb 


OOllXXOOb 


OOOOOOOOb 
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PORTC is an 8-bit wide bidirection port mapped in File 
11h, Bank 1. The corresponding data direction register 
DDRC (file 10h, Bank 1) can configure each pin as an 


input (if DDRC bit is '1') or output (if DDRC bit is '0'). This 
port is multiplexed with AD<7:0>, the lower byte of the 
Address/Data 
bus. Bit 0 of PORTC is AD<O>. 
See 


Figure 5.3.1 for block diagram of PORTC and Figure 
5.0.1 for read/write timing. 


DDRC 


INTSTA (bit PEl E) 


CPUSTA (bit GLiNTD) 


Function 


PORTC pins when read 
PORTC latch when written 


PORTC data direction register 


Interrupt status register 


CPU status register 


~ 
Bank 1, File 11h 


Reset Value 


XXXXXXXXb 


Register 
Name 


PORTC 


Bank 1, File 10h 


File 07h 


File 06h 


l1111111b 


OOOOOOOOb 


00l1XXOOb 


E)CEN 


DATAIADDROUT 
} 
SYS BUS 
___ 
Control 


DRV_SYS 
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PORTD is an 8-bit wide bidirection port mapped in File 
13h, Bank 1. The corresponding data direction register 
DDRD (file 12h, Bank 1) can configure each pin as an 
input (if DDRD bit is '1') or output (if DDRD bit is '0'). This 
port is multiplexed with AD<15.8>, the higher byte of the 
Address/Data 
bus. Bit 0 of PORTD is AD<8>. 
See 


Figure 5.3.1 for block diagram of PORTC and Figure 
5.0.1 for read/write timing. 


Register 
Name 


PORTO 


Function 


PORTtD pins when read 


PORTD latch when written 


PORTD data direction register 


Register 
Name 


PORTE 


Function 


PORTE pins when read 
PORTE latch when written 


PORTE data direction register 


Port Pin 
Bit 
Pin Function 
System Bus Function 
(External execution) 


REO/ALE 
bit 0 
Input/output 
port. 
ALE output 
TTL input 
buffer. 


RElIOE 
bit 1 
Input/output 
port. 
OEoutput 
TTL input 
buffer. 


RE2IWR 
bit2 
Input/output 
port. 
WRoutput 
TTL input 
buffer. 


PORTE is a 3-bit wide bidirectional port mapped in data 
memory (file 15h, Bankl). 
The corresponding 
Data 


Direction Register, DDRE, is mapped atfile 14h, Bank 1. 
Each port pin can be configured as an input (DDRE bit 
= '1') or an output (DDRE bit = '0'). Only the three lowest 
significant bits are physically implemented 
in 17C42. 


The unimplemented bits read as '0'. See Figure 5.3.1 for 
block diagram of PORTE and Figure 5.0.1 for read/write 
timing. PORTE is multiplexed with control outputs ALE, 
WR and OE in ex1emal execution mode . 


Address 


Bank 1, File 13h 


Reset Value 


XXXXXXXXb 


~ 
Bank 1, File15h 


Reset Value 


OOOOOXXXb 
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6.0 UNIVERSAL 
SYNCHRONOUS 
ASYNCHRONOUS 
RECEIVER 
TRANSMITTER 
(USART) 


The serial port can operate either a full-duplex asynchro- 
nous mode or in a half-duplex clocked synchronous 
mode. Synchronous mode uses a bi-directional data pin 
and a bi-directional clock pin. In synchronous mode, the 
clock can be either internal (master mode) or external 
(slave mode). 
In asynchronous 
mode, the clock is 
always derived internally. A dedicated a-bit Baud Rate 
Generator (BRG) is used for internal clock generation. In 
both modes, receiver and transmitter are double buff- 
ered, eight or nine data bits are supported and separate 
transmit and receive interrupts are available. 


6.1 
Asynchronous Mode 


The asynchronous 
mode is selected by clearing the 
SYNC bit in the TXSTA register. Furthermore, SPEN bit 
(Serial Port Enable, bit 7, Register RCSTA, Bank 0) has 
to be set to enable RA4 and RA5 as serial port pins. 
SPEN=O will configure these pins as port pins. In asyn- 
chronous mode the RX pin receives data and the TX pin 
transmits data in a full duplex mode. Data is transmitted 
and received least significant bit first. Both receive and 
transmit operate on the same internally generated clock 
which is derived from the Baud Rate Generator (Register 
SPBRG, Bank 0, File 17h). 
Data on the RX pin is 
sampled on the seventh, eighth and ninth pulses of a 16X 
(16 times the baud clock) internal clock. 
A majority of 
these three bits decide whether a one or a zero was 
received. 
In addition to the eight or nine data bits, one 
start bit and one stop bit are sent. Parity is not supported 
directly in hardware, but can easily be implemented in 
software. Asynchronous mode operation is stopped dur- 
ing SLEEP. 


Once asynchronous mode is selected (SYNC=O, bit 4 
Register TXST A) and serial port outputs are enabled 
(SPEN=1, bit 7, Register RCSTA) transmission can be 
enabled by setting TXEN bit (bit 5,TXSTA 
register). 


Actual transmission will begin when a word is written to 
the transmit buffer register (TXREG, bankO,file 16h) and 
the Baud Rate Generator produces a shift clock (figure 
7.1.1.1). A start bit is sent out first (logic '0'), followed by 
eight or nine data bits and a stop bit (logic '1'). Transmit- 
ted data appears on RA5rrxJCK pin. Transmission can 
also be started by first writing a word to the TXREG and 
then setting TXEN. 


The transmit register (TXREG) is double buffered. As 
the user writes to TXREG, the data is transferred from 
the buffer to the 
transmit 
shift register (TSR), thus 
freeing up the buffer register. An interrupt is pending as 
long as TXREG is empty. 
Indicating that the transmit 
buffer register (TXREG) is free to accept another word. 
This interrupt request is bit 1 (TBMT) of PIR (peripheral 
interrupt request register; Bank 1,file 16h) register. This 
interrupt can be enabled or disabled by bit 1 (TXIE) of 
PIE (peripheral interrupt enable; Bank 1, file 17h) regis- 
ter. TXIE=1 enables the interrupt. 
Regardless of TXIE, 


the TBMT bit will always show the status of the TXREG 
buffer (can not be affected in software) and can be used 
as a status bit. The interrupt request bit (TBMT) is read 
only. Therefore, to avoid unwanted interrupts (say, at the 
end of a transmission) the user will need to mask off this 
interrupt. 


In addition to TXIE bit, two other bits will affect the 
transmit interrupt. They are: PEIE (bit3, INTSTA regis- 
ter, file 07h) that enables (if='1') or disables (if='O') all 
peripheral interrupts, and GLlNTD (Global Interrupt Dis- 
able, bit 4, CPUSTA register, file 06h) bit that disables all 
interrupts if set. 


While TBMT (Transmit Buffer Empty) indicates the sta- 
tus of the transmit buffer register, another bit TRMT (bit1, 
registerTXSTA) 
indicates the status of the transmit shift 
register. 
It is a read only bit. TRMT =1 implies transmit 
shift register is empty. The user can determine exactly 
when transmission 
is completed 
by polling this bit. 


TRMT is set after stop bit is sent out. 


CREN or SREN bits do not affect asynchronous trans- 
mission. Clearing TXEN during transmission 
aborts 
transmission, reverts TX pin to hi-impedance and resets 
the transmitter. 
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Wr~etoTXREG__ 
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Write 
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Il 
rL.- 
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---- 
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---- 


TX(pin) 
~ 
StartBit ,..( 
Bit0 
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Transmit 
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reg. 


empty 
flag) 


If 9-bit transmission is selected (TX8I9=1 , bit 6, register 
TXSTA) the 9th bit should be written to TXD8 (bitO, 
TXSTA). This bit is double buffered as well. The 9th bit 
must be written before writing the data word to TXREG, 
since the latter triggers the transfer of the entire word to 
the transmit shift register. 


6.1.2 
ASYNCHRONOUS 
MODE RECEPTION 


Data is received on RA4/RXIDT pin. Reception is en- 
abled by setting the CREN bit (bit4, register RCSTA). 
The SREN bit (bitS, RCSTA) has no function in asyn- 
chronous mode. Reception begins when a start-bit is 
detected on RX pin. The Baud Rate Generator intemally 
generates a 16x clock. Every incoming bit is sampled on 
the seventh, eighth and the ninth time slot and a majority 
deteclion is done to determine the value of the bit. After 
sampling the stop bit (i.e. halfway through stop bit), the 
received data istransferred to the receive buffer register 
(RCREG) if the buffer register is empty. The RCREG is 
actually a two word deep FIFO. Therefore, it is possible 
to receive two words, transfer them to RCREG and begin 
receiving the 3rd word inthe receive shift register (RSR). 
If at the time of reception of the last bit of the third word, 
the RCREG has still not been read (and therefore is 
holding two words) then the receiver control logic will set 
the overrun error bit, OERR (bit1, register RCREG). In 
case of overrun, the word in the shift register is lost (i.e. 


it can not be read). The RCREG can be read twice to 
retrieve the first two words. The user will need to clear 
OERR by resetting the receiver (by clearing CREN). 
Clearing OERR is essential since once the overflow flag 
is set, the receiver simply stops transferring 
RSR to 
RCREG. 


The framing error bit, FERR (bit 2, Register RCSTA) and 
the ninth receive bit, RCD8 (bit 0, RCSTA) are buffered 
the same way as the receive data. Reading RCREG will 
load the RCD8 and FERR bits with new values. The 
user, therefore, must read the RCSTA register before 
reading the received data (RCREG) in order to obtain 
FERR and ninth data bit information. If the RCREG is 
read first, then the status register RCSTA will be loaded 
with new status information and the old information will 
be lost. The framing error bit, FERR, is set if the stop bit 
is detected to be a '0'. 


A receive interrupt flag RBFL, is set (bitO, register PIR) 
when the receive shift register content is shifted to the 
receive buffer register. This interrupt can be enabled or 
disabled via the RCIE (Receive interrupt enable) bit 
(bitO,register PIE). RCIE=1 will enable the interrupt. The 
RBFL (receive buffer full interrupt flag) bit is a read only 
bit and is cleared when the receive buffer is read. 
However, if the receive shift register is full, it will transfer 
its contents to the receive buffer register and the RBFL 
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bit will be set again. To enable receive interrupt, the 
Peripheral 
Interrupt 
Enable bit, PEIE (bit3, INTSTA 
register). must be set and the Global Interrupt Disable 
bit, GUNTD (bit4, CPUSTA register), must be cleared. 


6.2 
Synchronous 
Mode 


The synchronous mode is selected by setting the SYNC 
bit (bit4, TXSTA register). In addition, the SPEN bit (bit7, 
RCSTA register) must be set to configure the RASfTXI 
CK and RA4/RXIDT pins as CK (synchronous clock) and 
DT (sync data) pins respectively. Synchronous mode is 
half duplex with the DT pin as data input during reception 
and data output during transmission. The CK pin isclock 
output if internal clock option (master mode) is selected 
by setting the CSRC 
(bit7, TXSTA 
register) 
bit. If 
CSRC='O' then the CK pin is clock input (synchronous 
slave mode). 


As in asynchronous mode, eight or nine data bits are 
transmitted or received. No start or stop bits are sent or 
received. 


6.2.1 
SYNCHRONOUS MODE TRANSMISSION 


Once the sync mode is selected (SYNC='l') 
and the 
serial port is enabled 
(SPEN='l', 
register 
RCSTA), 
transmission is enabled by setting the TXEN (transmit 
enable, bitS, TXSTA register) bit. This will configure the 
TX pin as an output. Actual transmission will begin when 
a word is written to the transmit buffer register (TXREG). 
The transmitter is double buffered. 
If the transmit shift 


register (TSR) is empty then the word will be transferred 
from TXREG to TSR. The first data bit will be shifted out 
at the next available rising edge of the clock. Data out 
is stable around the falling edge of the sync clock. 
Transmission can also be started by first writing a data 
word to TXREG and then setting TXEN='l'. 
This method 
may be advantageous when slow baud rates are se- 
lected, since the Baud Rate Generator is kept under 
reset when TXEN=CREN=SREN=O. 
Setting the TXEN 
bit will start the BRG, creating a shift clock immediately. 


The TBMT interrupt (bit1, PIR register) is pending when- 
ever the transmit buffer is empty and ready to accept 
another word. The interrupt has a corresponding mask 
bit (TXIE, 
bit1, Register 
PIE). TXIE='l' 
enables 
the 
transmit interrupt while TXIE='O' disables it. Regardless 
of TXI E, TBMTwili always show the status of the TXREG 
(not affected by software) and can be used as a status bit. 
To enable the transmit interrupt, Peripheral Interrupt 
Enable, PEIE (bit3, INTSTA register, file 07h) bit must be 
set and Global Interrupt Disable, GUNTD (bit4, CPUSTA 
register, file 06h) bit must be cleared. 


While TBMT (Transmit Buffer Empty) indicates the status 
of the transmit buffer register, another bit TRMT (bit1, 
register TXSTA), indicates the status of the transmit shift 
register. It is a read only status bit. TRMT =1 implies that 
the transmit shift register is empty. The user can deter- 
mine exactly when transmission is over by polling this bit. 
TRMT is set after the last bit is sent out. 


If 9-bit transmission is selected, the ninth bit should be 
written to bit TXD8 (bitO,TXSTA). This bit is also double 
buffered. The ninth bit must be written prior to writing the 
data word to TXREG, since a write to the TXREG triggers 
the transfer 
of the entire word to the transmit 
shift 
register. 


In sync master mode, the CK pin will output clocks only 
during actual transmission (see Figure 7.2.1.1). In sync 
slave mode clock input may be present on the pin at all 
times. 


If TXEN is cleared during transmission of a word, trans- 
mission will be aborted and the DT and CK pins will revert 
to hi-impedance. If either the CREN or the SREN bit is 
set, transmission is also aborted and the DT pin will go 
into hi-impedance state (for reception). The CK pin will 
remain an output if CSRC=l 
(internal clock). The trans- 
mitter logic, although disconnected from the pins, is not 
reset. The user must clear the TXEN bit to reset the 
transmitter. This is particularly important ifthe SREN was 
set to interrupt an ongoing transmission. 
In this case, 


after reception of a single word, the SREN bit will reset 
and the serial port will revert back to transmit mode (since 
TXEN is still set). This means the DT pin will tum around 
and start driving. To avoid this, TXEN should be cleared. 
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FIGURE 6.2.1.3 - SYNCHRONOUS 
TRANSMISSION (SLAVE) 
After a word is received completely, it is transferred from 
the receive shift register (RSR) to the receive buffer 
register (RCREG) thus freeing up the RSR to receive the 
next word. With CREN=1, it is possible to receive con- 
secutive data words without any discontinuity 
in be- 


tween. This makes it possible to receive data words of 
larger size, e.g. 16-bit. In synchronous slave mode the 
SREN bit is a don't care. 


The RCREG is actually a two-word deep FIFO. There- 
fore, it is possible to receive two words, transfer them to 
RCREG and begin receiving the third word in the receive 
shift register (RSR).lf, at the time of reception of the last 
bit of the third word, the RCREG has still not been read 
(and therefore is holding two words) then the receiver 
control logic will set the overrun error bit, OERR (bit1, 
register RCSTA).ln 
case of an overrun, the word in the 


shift register is lost (I.e. it can not be read). The RCREG 
can be read twice to retrieve the first two words. The user 
will need to clear OERR by resetting the receiver (by 
clearing CREN). Clearing OERR is essential since once 
overflow flag is set the receiver simply stops transferring 
RSR to RCREG. 


CK"'~~ 
~':."E~Jl 
55 
I 
I 


TBMT bit 1-J 
J5 
I 


TAMTbit r~-------'J5 
r-- 


6 2 2 
SYNCHRONOUS 
MODE RECEPTION 


Data is sampled on the DT pin on the falling edge of the 
clock. Reception is enabled by either setting the SREN 
bit (Single Receive Enable, bitS, RCSTA register) or the 
CREN bit (Continuous 
Receive Enable, bit4, RCSTA 


register). 
If SREN is set, one word is received after 


which SREN is reset in hardware. If the CREN bit is set, 
words are received continuously (and read off by the 
CPU presumably) until CREN is reset by software. If 
both CREN and SREN are set, then CREN will take 
precedence. 
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An interrupt is issued when RSR transfers a data word 
to receive buffer register, RCREG, indicating that RCREG 
is full. The interruptflag (RBFL, bitO,register PIR) can be 
masked by interrupt mask bit RCIE (Receive interrupt 
enable, bilO, register PIE). RCIE=1 enables the receive 
interrupt. 


The ninth bit of the received word is loaded into RCDS 
(bitO, RCSTA). This bit is buffered the same way as the 
receive data. Reading the RCREG register will load the 
new ninth bit. Therefore, the user must read the RCSTA 
register before reading the received data word from 
RCREG. 


021<»1041011021<»10410'1021<»1 041011021<»10410'1021<»1041 o'I02I<»I~ 
0'1021<»10410'1021 all 041011021all 041o'j02lall041 
0'1021<»1 041 
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55 


----~~Ss_____J 
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RCREG 


Note : 
Synd'lrooous 
master 
mode 
reception 
with CAEN. 
OIerflow 
occurs 8fter two words 
have 
been 
received 
and reception 
of the 3rd 


word is almost 
oompktt8. 
Resetting 
CREN 
resets the receiver, 
including the OEAR 
bit The two words are read which then dears 
the RBFl 
nag. The 3rd word is lost. 
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6.2.3 
SYNCHRONOUS SLAVE MODE/SLEEP 
MODE INTERACTION: 


When the part is put into SLEEP mode, all on chip phase 
clocks are stopped (part is held in 01 state; see SLEEP 
section for details). In SLEEP, synchronous slave mode 
operation is possible because this mode uses external 
clock. 


SLEEP/sync slave receive: If receive is enabled (SREN 
= '1') prior to invoking SLEEP mode, then a word may be 
received during SLEEP and at the completion of such 
reception the RSR will be transferred to RCREG (as- 
suming it is empty). Simultaneously, a receive interrupt 
will be generated which will wake the chip up, provided 
this interrupt was enabled (by setting RCIE = PEIE = '1'). 
If GLlNTD = '0', then additionally the interrupt will be 
responded to by jumping to interrupt vector 0020h.lf the 
receive interrupt is disabled, prior to invoking SLEEP 
mode, then words are received during SLEEP without 
waking up the processor. Overflow bit will be set if three 
words are received. 


SLEEPlsync slave transmit: 
If two words are written to 


TXREG and then the chip is put into SLEEP the following 
sequence of events will occur. The first word will imme- 
diately transfer to the TSR. The second word will remain 
in TXREG. Transmit interrupt (TBMT) will stay inactive 
(low). As the first word is shifted out, the second word will 
transfer from TXREG to TSR and the transmit interrupt 
(TBMT) will be raised again. This will wake up the chip 
provided the interrupt was not masked (Le. TXIE = PEIE 
= '1'). If GLlNTD = 0, then branch to interrupt vector 
0020h will take place as well. 


6.3 
Baud Rate Generator 


The serial port is equipped with a dedicated a-bit Baud 
Rate Generator (SPBRG, bankO, file 17h). The SPBRG 
register is readable and writable. The SPBRG register 
controls the period of a free running a-bit 
timer. 
In 


synchronous mode the baud rate is foscl4(x+ 1) where 
fosc = oscillator or clock-in frequency and x = value 
written to SPBRG register. In asynchronous mode the 
baud rate is foscl64(x+ 1). Tables 6.3.1 and 6.3.2 show 
baud rate values for different SPBRG value and clock- 
in frequency. SPBRG is unknown following Power-Qn 
Reset. 


Writing a value to the SPBRG clears the timer. This 
guarantees that the timer does not go through an over- 
flow cycle. before outputting the appropriate baud rate. 


6.4 
Summary of Serial Port Pins 


The serial port uses two pins, RA4/RXIDT and RA5fTX/ 
CK. If SPEN bit (bit 7, RCSTA) is set then these pins are 
controlled by the serial port. If SPEN=O, then they are 
configured as input only port pins. (Both 
pins 
have 


Schmitt Trigger 
input buffer.) 


Pin 
SPEN 
SPEN = 1 


Name 
=0 


SYNC 
SYNC 
ASYNC 


MaslerMode 
Slave Mode 
Mode 


RA4IRXlDT 
input only 
OT: Data inlaut 
RX: Receive 


port pin 
Data output 
ff TXEN=<1 and CREN=O 
input, 
Atways 
and SREN=O. HHmpedance 
input 
hi-in1>edance 
otherwise 
~. 


RA5ITX/CK 
input onty 
CK: clock 
output 
CK: clock 
input 
TX:Transmit 


port pin 
Always 
a driven 
Always 
hi- 
Driven output 


output 
impedance 
HXEN=1. 


input 
Hi-impedance 
input 
ff 
TXEN=O 
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BAUD 
lose = 25MHz 
SPBRG 
lose =2OMHZ 
SPBRG 
16MHZ 
SPBRG 
RATE 
value 
value 
value 
(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
NA 
. 
- 
NA 
. 
NA 
- 
- 
1.2 
NA 
. 
NA 
- 
NA 
. 
. 
2.4 
NA 
NA 
· 
- 
NA 
. 


9.6 
NA 
- 
NA 
· 
NA 
19.2 
NA 
- 
19.53 
+1.73 
255 
19.23 
+0.16 
207 
76.8 
n.16 
+0.47 
80 
76.92 
+0.16 
64 
76.92 
+0.16 
51 


96 
96.15 
+0.16 
64 
96.15 
+0.16 
51 
95.24 
-0.79 
41 
300 
297.62 
-0.79 
20 
294.1 
·1.96 
16 
307.69 
+2.56 
12 
500 
480.n 
-3.85 
12 
500 
0 
9 
500 
0 
7 
HIGH 
6250 
0 
5000 
- 
0 
4000 
- 
0 
LOW 
24.41 
255 
19.53 
- 
255 
15.625 
255 


BAUD 
10MHz 
SPBRG 
7.15909MHZ 
SPBRG 
lose =5.0688MHZ 
SPBRG 
RATE 
value 
value 
value 
(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
NA 
- 
NA 
· 
NA 
1.2 
NA 
- 
NA 
· 
NA 
2.4 
NA 
- 
NA 
- 
NA 
9.6 
9.766 
+1.73 
255 
9.622 
+0.23 
185 
9.6 
0 
131 
19.2 
19.23 
+0.16 
129 
19.24 
+0.23 
92 
19.2 
0 
65 
76.8 
75.76 
-1.36 
32 
n.82 
+1.32 
22 
79.2 
+3.13 
15 
96 
96.15 
+0.16 
25 
94.20 
-1.88 
18 
97.48 
+1.54 
12 
300 
312.5 
+4.17 
7 
298.3 
-0.57 
5 
316.8 
+5.80 
3 
500 
500 
0 
4 
NA 
· 
NA 
. 
- 


HIGH 
2500 
0 
1789.8 
0 
1267 
- 
0 
LOW 
9.766 
255 
6.991 
255 
4.950 
- 
255 


BAUD 
3.579545MHz 
SPBRG 
lMHZ 
SPBRG 
32.768KHZ 
SPBRG 
RATE 
value 
value 
value 
(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
NA 
NA 
0.303 
+1.14 
26 
1.2 
NA 
1.202 
+0.16 
207 
1.170 
-2.48 
6 
2.4 
NA 
- 
2.404 
+0.16 
103 
NA 
9.6 
9.622 
+0.23 
92 
9.615 
+0.16 
25 
NA 
19.2 
19.04 
-0.83 
46 
19.24 
+0.16 
12 
NA 
76.8 
74.57 
-2.90 
11 
83.34 
+8.51 
2 
NA 
96 
99.43 
+3.57 
8 
NA 
NA 
300 
298.3 
-0.57 
2 
NA 
- 
NA 
500 
NA 
NA 
- 
NA 
HIGH 
894.9 
0 
250 
· 
0 
8.192 
0 
LOW 
3.496 
255 
0.9766 
· 
255 
0.032 
- 
255 
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BAUD 
lose = 25MHz 
SPBRG 
20MHZ 
SPBRG 
16MHZ 
SPBRG 


RATE 
value 
value 
value 


(K) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
NA 
- 
NA 
NA 


1.2 
NA 
- 
1.221 
+1.73 
255 
1.202 
+0.16 
207 


2.4 
2.396 
0.14 
162 
2.404 
+0.16 
129 
2.404 
+0.16 
103 


9.6 
9.53 
-0.76 
40 
9.469 
-1.36 
32 
9.615 
+0.16 
25 


19.2 
19.53 
+1.73 
19 
19.53 
+1.73 
15 
19.23 
+0.16 
12 


76.8 
78.13 
+1.73 
4 
78.13 
+1.73 
3 
83.33 
+8.51 
2 


96 
97.65 
+1.73 
3 
104.2 
+8.51 
2 
NA 
- 
- 
300 
390.63 
+30.21 
0 
312.5 
+4.17 
0 
NA 
- 
500 
NA 
- 
- 
NA 
NA 
- 
HIGH 
390.6 
0 
312.5 
- 
0 
250 
0 


LOW 
1.53 
255 
1.221 
- 
255 
0.9n 
255 


10MHz 
SPBRG 
7.15909MHZ 
SPBRG 
lose =5.0688MHZ 
SPBRG 
value 
value 
value 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
NA 
NA 
0.31 
+3.13 
255 


1.2 
1.202 
+0.16 
129 
1.203 
+0.23 
92 
1.2 
0 
65 


2.4 
2.404 
+0.16 
64 
2.380 
-0.83 
46 
2.4 
0 
32 
9.6 
9.766 
+1.73 
15 
9.322 
·2.90 
11 
9.9 
+3.13 
7 
19.2 
19.53 
+1.73 
7 
18.64 
-2.90 
5 
19.8 
+3.13 
3 


76.8 
78.13 
+1.73 
1 
NA 
79.2 
+3.13 
0 


96 
NA 
NA 
NA 


300 
NA 
NA 
NA 


500 
NA 
NA 
NA 


HIGH 
156.3 
0 
111.9 
0 
79.2 
0 


LOW 
0.6104 
255 
0.437 
255 
0.3094 
255 


BAUD 
3.579545MHz 
SPBRG 
1MHZ 
SPBRG 
32.768KHZ 
SPBRG 


RATE 
value 
value 
value 


(I<) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 
KBAUD 
%ERROR 
(decimal) 


0.3 
0.301 
+0.23 
185 
0.300 
+0.16 
51 
0.256 
-14.67 
1 
1.2 
1.190 
-0.83 
46 
1.202 
+0.16 
12 
NA 


2.4 
2.432 
+1.32 
22 
2.232 
.e.99 
6 
NA 


9.6 
9.322 
-2.90 
5 
NA 
NA 


19.2 
18.64 
-2.90 
2 
NA 
NA 


76.8 
NA 
NA 
NA 
- 
96 
NA 
NA 
NA 
- 
300 
NA 
- 
NA 
NA 
- 
500 
NA 
- 
- 
NA 
NA 
- 
- 
HIGH 
55.93 
- 
0 
15.63 
0 
0.512 
0 


LOW 
0.2185 
- 
255 
0.0610 
255 
0.0020 
255 
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6.4 
Serial Port Registers 


6 .4.1 
SUMMARY OF SERIAL PORT REGISTERS 


t r 
m 


RCSTA 
RCREG 
TXSTA 
TXREG 
SPBRG 


PIR 
PIE 
INTSTA 
CPUSTA 


unction 


Receive status/control register 
Receive buffer register 
Transmit status/control register 
Transmit buffer register 
Baud Rate Generator 


Peripheral interrupt flag register 
Peripheral interrupt enable register 
Interrupt status register 
CPU status register 


Bank 0, File 13h 
Bank 0, File 14h 
Bank 0, Fife 15h 
Bank 0, File 16h 
Bank 0, File 17h 


Bank 1, File 16h 
Bank 1, File 17h 
File 07h 
File 06h 


eset 
a ue 


OOOOOOOXb 
XXXXXXXXb 
OOOOOOlXb 
xxxxxxxxb 
XXXXXXXXb 


OOOOOOlOb 
OOOOOOOOb 
OOOOOOOOb 
OOllXXOOb 


R 
= Read only bit 


RIW = Readable and writable M 
U = Unused. reads as 0 


Continuous 
receive 
enable 
bit 
In async 
mode: CREN=1 
enables 
reception 
In sync mode: CREN=1enables 
continuous 
reception 


until CREN is cleared CREN overrides SREN. 


Single receive enabie (sync mode only). SREN=1 will 
enable 
reception. 
SREN 
is cleared 
after reception 
is 


complete. 
This bit is don't care in async mode. 


R 
= Read only bit 


RIW = Readable 
and writable bit 
U = Unused, reads as 0 


Transmit 
shift 
register (TSR) empty 


TAMT =1: TSR empty 


SYNC=I: 
Synchronous 
mode 


SYNC=O: Asynchronous 
mode 


TXEN=I: 
Transmit 
enabled 
TXEN=O: Transmit 
disabled 
SRENICREN 
overrides TXEN 


SYNC mode: CSRC=I: 
Intemal Clock 


CSRC=O: External Clock 
ASYNC mode: Oon~ care. 
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The PIC17C42 has a rich set of timer/counters: 
Two 


8-bit timer counters (also configurable 
as one 16-bit 


timer/counter) and two 16-bit timer/counters. These can 
be configured as: 


-Two 16-bit + two 8-bittimer/counters 


-Three 16-bit timer/counters 


A brief overview of these timer/counters is as follows: 


TMRO: TMRO is a 16-bit timer/counter consisting of two 
8-bit sections (TMROH,TMROL). It has a programmable 
8-bit prescaler. TMRO can increment off internal clock 
(OSC/4) or external clock inpu1 on the RA1ITOCKI pin. 
TMRO generates an interrupt on overflow. 


TMR 1.TMR2: These are two 8-bit timer/counters. They 
each have an 8-bit period register (PR 1and PR2 respec- 
tively) and an interrupt. In counter mode, their clock 
comes from pin TCLK12 (shared between the two timer/ 
counters). They can be configured as a 16-bit timer/ 
counter with interrupt and a 16-bit period register. 


TMR3: Timer3 is a 16-bit timer/counter consisting of two 
8-bit sections TMR3H and TMR3L. It has a 16-bit period 
register (PR3H, PR3L), an interrupt and an external 
clock source (pin TCLK3) in counter mode. 


~~:=J 


TOCKI 
I 
I 


PIC17C42 


7.1 
Role of the TimerlCounters 


The timer/counters are general purpose. However, they 
have special usage. TMRO is physically part of the 'core'. 
It is planned that future variations of the PIC17CXX 
family will include this timer. Therefore, time dependent 
code, e.g. real time operating system or clock/calender 
type software can be written using RTCC and ported to 
fu1ure PIC17CXX family members. 


TMR3 is also used for 16-bit capture function as is 
described in capture section. Timers TMR1 and TMR2 
can be used as time bases for PWM1 and PWM2 
outputs respectively. 
Alternately, TMR1 can run both 


PWM outputs and thus free up TMR2 to be a general 
purpose timer. 


These timers are not needed to do the following func- 
tions: Watchdog Timer (it's a separate timer); Baud Rate 
generation for serial communication (serial port has its 
own 8-bit Baud Rate Generator). 


7.2 
TMRQ Module 


The TMRO module consists of a 16-bit timer/counter, 
TMRO (high byte TMROH, file OChand low byte TMROL, 
file OBh), an 8-bit prescaler, and the RA1ITOCKI pin as 
the source of external clock signal. The control bits for 
this module are in register RTCSTA. 


Prescaler 
(a stall" 
async npple 
counter) 


TIC 
t 


4 


(bit 5, RTCSTA) 
RTPS <3:0> 
(M <4:1>, RTCSTA) 
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IINTEDG 
I RTEDG I 
TIC 
I 
RTPS3 
I 
RTPS2 I 
RTPS 1 I 
RTPSO I unused I 


MO 


7 2 1 
TMRO OPERATION 


IMRO 
increments 
either on internal clock, OSC/4 (if 


T/C = '1' in RTCSTA) or 0lL external clock (counter 
mode) on TOCKI pin (if bit T/C = '0' in RTCSTA). 
If 


external clock is chosen, increment can occur on either 
the rising edge (RTEDG = '1' is RTCSTA register) or the 
falling edge (RTEDG = '0' is RTCSTA register). The 
prescaler can be programmed to introduce a prescale of 
1:1 to 1:256 in either timer or counter mode. The timers 
increment from OOOOhto FFFFh and roll over to OOOOh. 
On overflOW, the TMRO interrupt request flag, TOIR (bit 
5, register INTSTA), is set. The TMRO interrupt can be 
masked off by clearing the corresponding interrupt mask 
bit, TOlE (bit 1, INTSTA). 
The interrupt request flag, 
TOIR, must be cleared in software. 


סס oo 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1xxx 


1:1 
1:2 
1:4 
1:8 
1:16 
1:32 
1:64 
1:128 
1:256 


o : TMAD 
increments 
and/or 
RA 1ITOCKI 
interrupt 


generated on a falling edge on RA1ITOCKI pin. 


1 : TMRO increments and/or RA llTOCKI interrupt 


generated on a rising edge on RA llTOCKI 
pin. 


7.2.2 
READIWRITE 
CONSIDERATION 
FOR TMRO 


Although the TMRO is a 16-bit timer/counter, only a-bits 
at a time can be read or written. This could create a 
problem unless care is taken. 


Reading 16-bit value: One problem in reading the entire 
16-bit value is that after reading the low (or high) byte it 
may change from FFh to OOh.This can be handled in 
software as follows: 


movpf 
movpf 
rrovfp 
cpfslt 
retfie 
movpf 
movpf 
retfie 


tmrO1, 
tmpla 
tmrOh. 
tmphi 
tmplo, 
wreg 


tmrOl, 
wreg 


;read 
10 
tmrO 
; read 
hi 
tmrO 
; tropIa 
~ 
wreg 
;tmrOl 
< wreg? 
;no then return 
; read 
10 
tmrO 
; read 
hi 
tmrO 
;return 


iOlI021031Q4;OlI02103104;Ol[02[031Q4iOlI021031Q4iOlI02103[Q4; 


I 
I 
I 
I 
I 
I 
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Writing a 16-bit value to the TMRO: Since writing to either 
TMROL or TMROH will effectively inhibit increment of 
that half of the TMRO in the next cycle (following write), 
but not inhibit increment of the other half, the user must 
write to TMROLfirst and TMROH next in two consecutive 
instructions, as shown below: 


BSF 
MOVFP 
MOVFP 
BeF 


CPUSTA. 
GLINTD 
RAM.-L. 
1l4ROL 
RAM.....H. TMROH 


CPUSTA. 
GLINTD 


Interrupt must be disabled. The user should note that a 
write to TMROL or TMROH will reset the prescaler. 


7 2 3 
EXTERNAL CLOCK CONSIDERATIONS 


When the external clock input is used for TMRO, it is 
synchronized with the intemal phase clocks. Therefore, 
the extemal clock input must meet certain requirements. 
Also, there is some delay from the occurrence of the 
extemal clock edge to the incrementing oITMRO. Refer- 
ring to Figure 7.2.3.1, the synchronization 
is done after 


the prescaler. The output of the prescaler (PSOUT) is 
sampled twice in every instruction cycle to detect a rising 
or a falling edge. Therefore, it is necessary for PSOUT 
to be high for at least 2tosc or low for at least 2tosc where 
tosc= oscillator time period. 


When no prescaler is used (i e prescale is 1:1) : PSOUT 
is the same as the TMRO clock input and therefore the 
requirements are: 


TR1li = RA1fTOCKI high time ~ 2tosc + 20ns 


TRlI. = RA1fTOCKliow time ~ 2 tosc + 20ns 


When prescaler is used: the RA1fTOCKI input is divided 
by the asynchronous ripple counter-type prescaler and 
so the prescaler output is symmetrical. 
The require- 


ments are then: 


PSOUT high time = PSOUT low time =~ 
AT 


where TAT= RA1fTOCKIinput period and 


N = prescale value (2, 4, ...., 256). 


Therefore1!I!IAT~ 2tose + 20 ns, or TAT~ 4 tose + 40ns 


2 
N 


The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time or 
low time on the TMRO input is too small then the pulse 
may not be detected, hence a minimum high or low time 
of 1Onsis required, In summary, the TMRO input require- 
ments are: 


TAT = RA1fTOCKI period ~ (4tosc + 40 ns)/N 


T R1li = RA1fTOCKI high time ~ 10ns 


T RlI. = TOCKI low time ~ 10ns 


Delay from extemal clock edge: since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the extemal clock edge 
occurs to the time the TMRO is actually incremented. 
Referring to Figure 7.2.3.1, the reader can see that this 
delay is between 3tosc and 7tosc. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within ± 4tosc (± 160ns @ 25 MHz). 


:01 102103104 :01 102103104 :01 102103104 :01 102103104 :01 102103104 :01 102103104 : 


I 
I 
I 
I 
I 
I 
I 


I 
I 
I 


{ 


, 
MOVFP 
I 
MOVFP 
I 


I DATAL,TMROl 
I DATAH, TMROH 
1 
Wri1eTMROL 
Wri1eTMROH 
I 
I 
r-1 


I 
I 
I 
I 


I 
I 
I 


I 
I 
I 


I 
I 
I 
I 
I 
I 


I 
I 
I 


I 
I 
I 


I 
I 
I 
I 


: 
12 X: 
12 
X_: __ 1_3_~X 
AB 
: 


I 
I 
I 
I 


I 
I 
I 
I 


: 
FE X: 
FF 
X-:-56------X---5-7--X====58====~ 


I 
I 
I 
I 
I 
, 


In this example, 
old TMRO 
value 
is 12FEh, 
new value 
of AB56h 
is written 


Instruction 


fetched 


WR_TMROL 


MOVPF 
TMROL,W 
ReadTMROL 


I 


MOVPF 
I 


TMROL,W 


ReadTMROL 
I 
I 


I 
I 


I 


I 


I 


MOVPF 
TMROL, W 
ReadTMROL 


MOVPF 
TMROL,W 
ReadTMROL 
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:011021031Q4:011021031Q4:011021031Q4:011021031Q4: 


I 
I 
I 
I 
I 


I 
I 
I 
I 
t 


I 
I 
I 


RT : 
RT+1 
X: 
RT+2 


I 


Prescaler 
output 
(PSOUT) 


Sampled 
Prescaler 
output 


Increment 
TMRO 


Note1: The TMRO increments on falling edges in this example 
Note2: The delay from the TOCKI edge to the TMRO increment is 3tosc-7Iosc. 
Therefore, error in measuring the interval between two edges is ± 4tosc. 


Note3: i = PSOUT is sampled here. 
Note4: The PSOUT high time is too small and is missed by the sampling circuit. 


7.2.4 SUMMARY OF RTCC REGISTERS 


Register Name 
E\mdiQn 
TMROL 
TMRO Timer/Counter low byte 
TMROH 
TMRO Timer/Counter high byte 
RTCSTA 
TMRO Status/Control 


INTSTA 
CPUSTA 
Interrupt Status Register 
CPU Status Register 


7.3 
Timerl 
& Timer2 


Timer1 (TMR1, Bank 2) and Timer2 (TMR2, Bank 2) are 
two 8-bit incrementing timer/counters, each with a pe- 
riod register (PR1, Bank 2 and PR2, Bank 2, respec- 
tively) and separate overflow interrupt. They can oper- 
ate as timers (increment on internal OSC/4 clock) or as 
counters (increment on falling edge of external clock on 
pin TCLK12). They can operate as two 8-bit timer/ 
counters or as a single 16-bit timer counter. TMR1 and 
TMR2 are also used as the time base forthe PWM (pulse 
width modulation) module. 


7 3 1 
TIMER1 TIMER2 IN 8-BIT MODE 


8-bit mode is selected by setting 16/8 (bit 3, register 
TCON1) to '0'. In this mode, TMR1 will be configured as 
a timer if control bitTMR1C (bit 0, register TCON1) is '0' 
and increment once every instruction cycle (OSC/4). 
Setting 
bit TMR1C = '1' will configure 
TMR1 
as a 


~ 
File OBh 
File OCh 
File 05h 


Reset Value 
XXXXXXXXb 
XXXXXXXXb 
OOOOOOOOb 


File 07h 
File 06h 
OOOOOOOOb 
OOllXXOOb 


counter. As a counter, TMR1 will increment on every 
negative edge on pin TCLK12. Since TCLK12 input is 
synchronized with intemal phase clocks, it has to satisfy 
certain requirements. TCLK12 must be high for at least 
(0.5Tcy + 20)ns and low for at least 
(0.5Tcy + 20)ns 
where Tcy = 4tosc. TMR1 increments from DOhuntil it is 
equal to PR1 and then resets to OOhat the next incre- 
ment cycle. An interrupt is generated when reset occurs 
which is latched in bit TM11R (TMR1 Interrupt Request 
Flag, bit 4, PIR). This bit can be masked off by setting bit 
TM11E (TMR1 Interrupt Enable) to '0'. In order for the 
TM11R interrupt to be recognized, the Peripheral Inter- 
rupt Enable bit (PEIE, bit 3, register INTSTA) must be set 
to a '1' and the Global Interrupt Disable bit, GLINTD, 
must be '0'. TMR1 
must be enabled by setting bit 
TMR10N 
(bit 0, register TCON2) to a '1' and can be 
stopped any time by clearing bit TMRlON 
to '0'. TMR1 
and PR1 are both readable and writable registers. 
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TMR2, in8-bit mode is identical infunctionality as TMR1. 
The corresponding control bits for TMR2 are TMR2C 
(bit 1, TCON1), TM21R (Timer2 Interrupt-Request Flag, 


bit 5, PIR), TM21E (Timer2 Interrupt Enable Flag, bit 5, 
PIE) and TMR20N 
(bit 1, TCON2). In counter mode, 


TMR2 also increments on falling edge on TCLK12 pin. 


7 3 2 
TIMER1 & TIMER2 IN 16-BIT MODE 


16-bit mode is selected by setting bit 16/8 (bit 3, register 
TCON1) to '1'. In this mode TMR1 and TMR2 concat- 
enate to form one 16-bit timer/counter 
(TMR2 = high 


byte). Timer mode is selected by setting TMR1C (bitO, 
register TCON1) to '0' where it increments once every 
instruction cycle (OSC/4). Counter mode is selected if 
TMR1C bit = '1' and it increments on every negative 
edge on pin TCLK12. Input clock on TCLK12 must have 
a high time ~ (0.5Tcy + 20)ns and a low time ~ (0.5Tcy 
+ 20)ns where Tcy = 4tosc. The 16-bit timer increments 
until it matches the 16-bit value in PR1, PR2 (PR2 =high 
byte) and then resets back to OOOOh.An interrupt is 
generated at this time which is latched into the TM 11R bit 
(bit 4, PIR). In 16-bit mode, control bit TMR1 C controls 
the entire 16-bittimer and bitTMR2C is a don't care. The 
TMR20N 
bit must be always set to '1' in 16 bit mode. 
TMR10N 
bit controls the entire 16-bit timer. 


7 3 3 
EXTERNAL CLOCK INPUT FOR TIMER1 
I!.M.E.82. 


When configured as a counter, TMR1 or TMR2 incre- 
ments on the falling edge of clock input TCLK12. How- 
ever, this input is sampled and synchronized 
by the 


intemal phase clocks twice every instruction cycle. There- 
fore, the external clock must meet the following require- 
ments: 


TCLK12 high time ~ 0.5 Tcy + 20ns 
TCLK12 low time ~ 0.5 Tcy + 20ns 


There is a delay from the time a falling edge appears on 
TCLK12 
to the 
time 
TMR1 
or TMR2 
is actually 


incremented. The delay is between 2tose and 6tose, 
where tose = oscillator period. See Figure 7.3.3.1 for a 
timing diagram. 
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: 0'1 021031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021 031 04: 0'1 021"'I 04: 
I 
I 
t 
I 
I 
I 
I 
, 
, 
I 
I 
I 


I 
I 
I 
I 
I 
t 
I 
I 
, 
, 
r 
I 


ALE 


Ins1ru<:tion{: 


fetdled 
: 


, 
~--~---_~tLi-n~_~~ 
~ 
~__~ 
--+ 
~ 
~ 


:~la2Iool~:~I~lool~:~I~lool~:~I~la31~:~la2Iool~:~la2Ia31~:~ 
1 
I 
I 
I 
I 
I 
I 


I 
I 
I 
1 
I 
I 
,, 


ALE~,I\,r\, 
Instruction { , MOVWFTMRl 
,MOVFPTMR1,W,MOVFPTMR1,W, 
fetched t Wrltet~TMRl t 
Read.TMRl t 
Read.TMRl t 


TCLK12 
~ 
, / 
\\~m~~ 
/ I 
I 
I 
I 
I 
\\~~\'*'\\%~~\\ 
, 


~9h 


,, 
~-~-nt----+----+----+--------< 


Read3MR1 


TMR11R 


(bitO, TCON2) 


Notes: TCLK12 is sampled in 02 and 04 . .j. indicates a sampling point. 


The latency from TCLK12 
.j. to timer increment is between 2 tose and 6 lose, 
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R 
= Read only bit 
RIW = Readable 
and writable bit 
U = Unused, reads as 0 
I CA2ED1 I CA2EOO I CA1ED1 I CA1EOO I 
1618 I 
TMR3C I TMR2C I TMR1C I 


bnO 


- 
0: TImer/Counter1 
increments 
on internal 
clock 
(timer 
mode) 
1: Timer/Counter1 
increments 
on 
falling 
edge 
o· 


TCLK12 pin (counter mode) 


0: Timer/Counter2 
increments 
off 
the 
internal 
c1oc~ 
(timer mode) 
1: Timer/Counter2 
increments on falling edges of the 
TCLK12 pin (counter mode) 
This bn is a don~ care in 16 bn mode. 


0: Timer/Counter3 
increments 
off the 
internal clock 
(timer mode) 
1: Timer/Counter3 
increments on falling edges of the 
TCLK3 pin (counter mode) 


Capture1 Mode Select 
00: Capture on every falling edge 
01: Capture on every rising edge 
10: Capture on every 4th rising edge 
11: Capture on every 16th rising edge 


Capture2 Mode Select 
00: Capture on every falling edge 
01: Capture on every rising edge 
10: Capture on every 4th rising edge 
11: Capture on every 16th rising edge 
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ICA20VF I CA10VF 
IPWM20N 
IPWM10N ICA1IPR31 
TMR30N 
I TMR20N I TMR10N I 


bit 0 


0: TMR2 is stopped 
1: TMA2 is running 
Must be set to '1' in 16 b~ mode. 


R 
= Read only bit 


RIW = Readable 
and writable bit 


U = Unused, reads as 0 


0: Registers 
PR3H/CA 
1Hand 
PR3UCA 
1L 
a 


configured 
as period 
register 
for timer 3 


1: Registers 
PR3H/CA1H 
and 
PR3UCA1L 
an 
configured 
as capture 
1 register. 
Timer 
3 runs 


without 
a period 
register. 


0: RB2IPWM1 
pin configured 
as a port pin. Direction is 


detennined 
by corresponding 
DDR bit. 


1: RB2IPWM1 
pin is configured 
as PWM1 output. 
Pin 


is forced to be an output regardless 
of the DDR M. 


0: RB3IPWM2 
pin is configured 
as a port pin. Direction 
is detennined 
by corresponding 
DDR bit. 


1: RB3IPWM2 
pin is configured 
as PWM2 output. 
Pin 
is forced to be an output regardless 
of the DDR M. 


capture1 
overflow 
slatus bit. Set (or reset) when both 


bytes of the capture 
register are read and an overflow 
situation has occured 
(or not) 


Capture2 
overflow status bit. Set (or reset) when both 


bytes of the capture 
register are read and an overflow 


situation has occured 
(or not) 


Register Name 
TMR1 
TMR2 
PR1 
PR2 
TCON1 
TCON2 


Function 
Timer/Counter1 
Timer/Counter2 
Period Register1 
Period Register2 
Timer Control Register1 
Timer Control Register2 


~ 
Bank 2, File 10h 
Bank 2, File 11h 
Bank 2, File 14h 
Bank 2, File 15h 
Bank 3, File 16h 
Bank 3, File 17h 


Peripheral Interrupt Register 
Peripheral Interrupt Enable 
Bank 1, File 16h 
Bank 1, File 17h 


INTSTA (bit PEl E) 
CPUSTA (bit GLINTD) 
Interrupt Status Register 
CPU Status Register 
File 07h 
File 06h 


Reset Value 


XXXXXXXXb 
XXXXXXXXb 


XXXXXXXXb 


XXXXXXXXb 


OOOOOOOOb 


OOOOOOOOb 


OOOOOOlOb 


OOOOOOOOb 


OOOOOOOOb 


OOllXXOOb 
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TMR3 is a 16-bit timer/counter consisting of TMR3L (file 
12, Bank 2) as the low byte of the timer andTMR3H (file 
13, Bank 2) as the high byte of the timer. It has an 
associated 
16-bit 
period 
register 
consisting 
of 
PR3UCA1L (file 16, Bank 2), the low byte, and PR3H/ 
CA 1H (file 17, Bank 2), the high byte. Timer3 is a timer 
if TMR3C = 0 (bit 2, Register TCON1) in which case it 
increments every instruction cycle (OSC/4).lf TMR3C = 
1, the timer 3 acts as a counter and increments on every 
falling edge of TCLK3 pin input. In either mode, TMR3 
increments if TMR30N = 1 (bit 2, Register TCON2) and 
stops if TMR30N = O.TMR3 has two modes of opera- 
tion: depending on bit CA 1/PR3 (bit 3, RegisterTCON2) 
the period register can be configured as a period or a 
capture register (Refer to Section 8.0 for details on 
capture operation). 


Period register mode, CA1/PR3 = 0: In this mode regis- 
ters PR3H1CA1Hand 
PR3UCA 1L constitute a 16-bit 
period register. The timer increments until it equals the 
period register and then resets to OOOOh.Timer3 inter- 
rupt (TM31R, bit 6, Register PIR) requestflag is set atthis 
point. This interrupt can be disabled by setting timer3 
mask bit (TM3IE, bit 6, Register PIE) to '0'. TM31R must 
be cleared in software. 


Capture1 register mode CA1/PR3 = 1: In this mode the 
PR3H/CA 1Hand 
PR3UCA 1L constitute a 16-bit cap- 
ture register. The timer operates without a period regis- 
ter and increments from OOOOhto FFFFh and rolls over 
to OOOOh.A timer3 interrupt (TM31R, bit 6, Register PIR) 
is generated on overflow. The TM31R interrupt flag must 
be cleared in software. 


7.4,1 
EXTERNAL CLOCK INPUT FOR TIMER3 


Timer3 increments on the falling edges of the clock input 
on TCLK3 pin. However, this input is sampled and 
synchronized 
by the internal phases, twice every in- 


struction cycle. Therefore, the external clock input must 
meet the following requirements: 


TCLK3 high time ~ 0.5Tcy + 20 ns 


TCLK3 low time ;:::0.5Tcy + 20 ns 


There is a delay from the time an edge occurs on TCLK3 
to the time the timer3 is actually incremented. This delay 
is between 2 tosc and 6tosc, where tosc = oscillator 
period. See Figure 7.3.3.1 for a timing diagram. 


7.4.2 
READINGlWRITING 
TIMER3 


Since timer3 is a 16-bit timer and only 8-bits at a time can 
be read or written, the user should be careful about 
reading and writing when the timer is running. The safe 
and easy thing to do isto stop the timer, perform any read 
or write operation, and then restart timer3 (using the 
TMR30N bit). If, however, it is necessary to keep timer3 
free-running then certain suggested methods must be 
followed for reading and writing the timer. See Section 
7.2.3 for details. 


7.4.3 
SUMMARY OF TIMER3 REGISTERS 


Register Name 
.EY.!JgjQn 
~ 
Reset Value 
TMR3L 
Timer/Counter3 
low byte 
Bank 2, File 12h 
XXXXXXXXb 


TMR3H 
Timer/Counter3 
high byte 
Bank 2, File 13h 
XXXXXXXXb 


CA2L 
Capture210w byte 
Bank 3, File 14h 
XXXXXXXXb 


CA2H 
Capture2 high byte 
Bank 3, File 15h 
XXXXXXXXb 
PR3UCA1L 
Period Register3 low/capture 1 low 
Bank 2, File 16h 
XXXXXXXXb 


PR3H/CA1H 
Period Register3 high/capture 1 high 
Bank 2, File 17h 
XXXXXXXXb 
TCON1 
Timer Control Register1 
Bank 3, File 16h 
OOOOOOOOb 


TCON2 
Timer Control Register2 
Bank 3, File 17h 
OOOOOOOOb 


PIR 
Peripheral Interrupt Register 
Bank 1, File 16h 
OOOOOOlOb 
PIE 
Peripheral Interrupt Enable 
Bank 1, File 17h 
OOOOOOOOb 


INTSTA (bit PEIE) 
Interrupt Status Register 
File 07h 
OOOOOOOOb 
CPUSTA (bit GLiNTD) 
CPU Status Register 
File 06h 
OOllXXOOb 
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Timer + Period Reg + One Capture Mode (CA 11PR3 = 0) I 


TMR3C 
(bit 2, TCON1) 


nmer 3 Interrupt 
(TM3IR, bit 6, PIR) 


Capture 2 Interrupt 
(CA2IR, bit 3, PIR) 


I Timer + Two Capture Mode (CA11PR3 = 1) 


CA1ED1, CA1EDO 
(bits 5, 4, TCON1) 


2 


TMR3C 
(bit 2, TCON 1) 


Capture 2 Interrupt 
(CA2IR, bit 3, PIR) 
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The PIC17C42 has two 16-bit capture registers that 
capture the 16-bit value of timer/counter3 (TMR3) when 
events are detected on capture pins. There are two 
capture pins (RBO/CAP1 and RB1/CAP2), one for each 
capture register. The capture pins are multiplexed with 
PORTB pins. An event can be a rising edge, a falling 
edge, 4 rising edges or 16 rising edges on the pin. Each 
capture register has an interrupt request flag associ- 
ated with it which is set when a capture is made. The 
capture 
module 
is truly part of the timer/counter31 


capture 
block. 
Refer to Figure 
7.4.1.1 for a block 


diagram. The capture module can operate in one of two 
modes described below. 


8.1 
One Capture + TimerlCounter3 + Period 
Register Mode 


This mode is selected if control bit CA 1/PR3 = 0 (bit 3, 
register TCON2). In this mode, the capture1 register, 
consisting of high byte (PR3H/CA 1H, File 17, Bank 2) 
and low byte (PR3UCA1L, 
File 16, Bank 2), is config- 


ured as the period control register for TMR3. Capture 1 
is disabled in this mode, and the corresponding interrupt 
bit CA11R (bit 2, PIR) is never set. Timer/counter3 
increments until it equals the value in the period register 
and then resets to OOOOh.See Section 8.4 for details of 
TMR3 operation in this mode. 


Capture2 is active in this mode. Control bits CA2ED1 
and CA2EDO (bits 7 and 6, Register TCON 1) determine 
the event on which capture will occur. CA2ED1, CA2EDO 
= 00 enables capture on every falling edge, 01 = capture 
on every rising edge, 10 = capture every 4th rising edge 
and 11= capture every 16th rising edge. When a capture 
takes place, an interrupt is latched into CA2IR (capture 
2 interrupt flag, bit 3, PIR). This interrupt can be enabled 
by setting the corresponding mask bit CA2IE (bit 3, PIE). 
Also, peripheral interrupt enable bit PEIE (bit 3, INSTA) 
must be set and the Global Interrupt Disable bit (GLINTD, 
bit 4, CPUSTA), should be cleared for the interrupt to be 
acknowledged. The CA21R interrupt flag needs to be 
cleared in software. 


When the capture prescale select is changed, the pres- 
caler is not reset. Therefore, the first capture after such 
a change will be ambiguous. It, however, sets the basis 
for the next capture. The prescaler is reset upon chip 
reset. 


The capture pin RB1/CAP2 is a multiplexed pin. When 
used as a port pin, capture2 is not disabled. However, 
the user can simply disable the capture2 interrupt by 
clearing CA2IE. If RB1/CAP2 is used as an output pin, 
some interesting possibilities arise. The user can acti- 
vate a capture by writing to the port pin which may be 
useful during development phase to emulate a capture 
interrupt. 


The input on capture pin, RB1/CAP2, is synchronized 
internally to internal phase clocks. This imposes certain 
restrictions on the input waveform. The minimum high 
time (TCPH)and the minimum low time (TcPL) on the 
capture input needs to be greater or equal to 1Ons. The 
period 
(TcAP) must be >2Tcy/N where N = pre scale 


value (1, 4,16) 
and where Tcy = one instruction cycle 
time ( = 4tosc). 


Capture2 Overflow 


The overflow status flag bit is double buffered. The 
master bit is set if one captured word is already residing 
in the capture2 register and another 'evenf has occurred 
on RB1/CA2 pin. The new event 
will not transfer the 


timer3 value to the capture 
register, 
protecting 
the 
previous unread capture value. When the user 
reads 
both the high and the low bytes (in any order) of the 
capture2 register, the master overflow bit is transferred 
to the slave overflow bit (CA20VF, 
bit 7, TCON2) and 


then the master bit is reset. The user can then read 
TCON2 to determine the value of CA20VF. 


The recommended sequence to read capture registers 
and overflow is as follows: 


IkJVL8 
3 
, Beleet:. 
BaDk 
3 


I«JVPI' CA2L. LO_BYft 
, a•• d eapture2 
low byt., 


, .tor. 
in LO_BYft 
IM)'VPI'CA2B, B:I_BYU 
, aead 
capt:.ure2 
high 
byte, 


, .tor. 
iD. 
HI: 
BY'l'K 
IKJVPI''l'Cc.2, 
ftAll'_VAL 
, a.ad 
'l'COB2into 
file 


I 
S'l'A'l'_VAL 


8.2 
Two Capture + TimerlCounter3 Mode 


This mode is selected by setting CA 1/PR3 (bit 3, register 
TCON2). In this mode, the timer (TMR3) runs without a 
period register and increments from OOOOhto FFFFh 
and rolls over to 0000h. For details on TMR3 operation, 
see Section 8.4. Registers PR3H/CA 1H (file 17h, Bank 
2) and PR2UCA 1L (file 16h, Bank 2) make a 16-bit 
capture register (Capture1). It captures events on pin 
RBO/CAP1. Capture mode is set by control bits CA 1ED1 
and CA1EDO(bit 5 and 4, RegisterTCON1).Acapture1 
interrupt is latched into the CA 11R (bit 2, PIR). 
The 


corresponding 
interrupt mask bit is CA 11E(bit 2, PIE). 


The capture1 
overflow status bit is CA10VF 
(bit 6, 


TCON2). Otherwise, capture1 operates 
identically to 


capture2. Capture2 operation is same as in the previous 
mode. 
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Register 
Name 


PR3UCA1L 
PR3H1CA1H 
CA2L 
CA2H 
TMR3L 
TMR3H 
TCON1 
TCON2 


PIR 
PIE 


INTSTA (bit PEIE) 
CPUSTA (bit GLiNTD) 


Function 


Period Register 3 low/capture 1 low 
Period Register 3 high/capture 1 low 
Capture2 register low 
Capture2 register high 
Timer/Counter 3 low 
Timer/Counter 3 high 
Timer Control Register 1 
Timer Control Register 2 


Peripheral Interrupt Register 
Peripheral Interrupt Enable 


Interrupt Status Register 
CPU Status Register 


Mdrnl 


Bank 2, File 16h 
Bank 2, File 17h 
Bank 3, File 14h 
Bank 3, File 15h 
Bank 2, File 12h 
Bank 2, File 13h 
Bank 3, File 16h 
Bank 3, File 17h 


Bank 1, File 16h 
Bank 1, File17h 


File07h 
File 06h 


Reset Value 


XXXXXXXXb 


XXXXXXXXb 


XXXXXXXXb 


XXXXXXXXb 


XXXXXXXXb 
XXXXXXXXb 


OOOOOOOOb 


OOOOOOOOb 


OOOOOOlOb 


OOOOOOOOb 


OOOOOOOOb 


OOllXXOOb 
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9.0 PULSE WIDTH MODULATION 
(PWM) OUTPUTS 


The PIC17C42 provides two high speed pulse-width 
modulation outputs on pins RB2IPWM1 and RB3IPWM2. 
Each PWM output has a maximum resolution of 10-bits. 
At 10 bit resolution, the PWM output frequency is 24.4 
KHz (@ 25 MHz clock) and at 8-bit resolution the PWM 
output frequency is 97.7 KHz. 


The user needs to set the PWM10N control bit (bit 4, 
register TCON2) to enable the PWM 1 output. Once the 
PWM10N bit = '1', the RB2IPWM1 pin is configured as 
PWM1 output and forced as an output irrespective of the 
data direction bit. If PWM1 ON = '0', then the pin behaves 
as a port pin and its direction is controlled by its data 
direction bit (bit2, DDRB). Similarly, the PWM20N 
bit 


controls the configuration of the RB3IPWM2 pin. 


The period of the PWM1 output is determined by timer1 
(TMR1) and its period register (PR1). The period of the 
PWM2 output is determined 
by timer1 if control bit 


TM2PW2 = '0' (bit 5, register PW2DCl) 
or by timer2 if 


TM2PW2 = '1'. 


Thus the PWM periods are: 


tPWM1P= period of PWM1 = 
[(PR1) + 1) x 4 tose 


tPWM2P= period of PWM2 = 
[(PR1) + 1) x 4 tose 


or 
[(PR2) + 1) x 4 tosc 


The duty cycle of PWM1 is determined by the 10bit value 
DC1<9:0>. The upper 8 bits are from register PW1DCH 
(file 12, Bank 3) and the lower 2 bits are in register 
PW1DCl<1:0> 
(file 10, Bank 3). The PWM1 high time is 


as follows: 


tPWM1H= PWM1 high time = (DC1) x tose 


where DC1 represents the 10 bit value from PW1DCH 
PW1 DCl concatenated. 
' 


If DC1 = 0, then the duty cycle is zero. If tPWM1His equal 
to or higher than tPWM1Pthen the duty cycle is 100%. 


Similarly, PWM2 high time, 1PWM2H 
= (DC2) x tose. 


The duty cycle registers for both PWM outputs are 
double buffered. When the user writes to these registers 
they are stored in master latches. When TMR1 (or 
TMR2) overflows, and a new PWM period begins the 
master latch values are transferred to the slave latches. 


PIC17C42 


Using external clock for PWM will also cause jitter in the 
'duty cycle' as well as the 'period' of the PWM output. 
This is because external TClK12 
input is synchronized 
internally (sampled once per instruction cycle). There- 
fore, from the time TClK12 
changes to the time timer 


increments will vary by as much as Tcy (one instruction 
cycle). Therefore, both the high time and the period of 
the PWM output will have a jitter of ±Tcy, unless the 
external clock is in sync with the processor clock. The 
latter is the case when TClK12 
input itself is generated 


by the PIC17C42 (e.g. one PWM output is feedback as 
TClK12). 


In general therefore, when using external clock refer- 
• 


ence for PWM, its frequency should be much smaller 
compared to fose. 


PWM interrupts: The PWM module makes use of timer1 
or timer2 interrupts. A timer interrupt is generated when 
TMR1 orTMR2 equals its period register and is reset to 
zero. This interrupt also marKs the beginning of a PWM 
cycle. The user can write new duty cycle values before 
the next interrupt. The timer1 interrupt is latched into the 
TM11R bit (bit4, PIR) and the timer2 interrupt is latched 
into the TM21R bit (bit 5, PIR). These flags need to be 
cleared in software. 


Using External clock: Timer1 or timer2, when used as 
the PWM time base, may be run off external clock only 
if the PWM output is being generated with 8-bit resolu- 
tion or less. In this case, the PW1 DCl and the PW2DCl 
registers must be kept at '0'. Any other value will distort 
the PWM output. Internal clock can be used for all 
resolutions. 
The user should also note that the maxi- 


mum attainable frequency is lower. Since the maximum 
possible external clock input frequency for a timer is 
1/(Tc + 40)ns, (see AC specs) the PWM frequency at 
8-bit resolution can be, at most, 19.53 KHz (@ 25 MHz 
oscclock). 


Timer selection for PWM2: While PWM1 always runs 
based on TMR1, PWM2 can run offtimer1 (if bit TM2PW2 
=0, bit 5, Register PW2DCl) or timer2 (if TM2PW2 = 1). 
Running two different PWM outputs on two different 
timers allow different PWM period. 


Running both PWMs off timer1 allows the best utilization 
of resources. If frees timer2 to operate as an 8-bit timerl 
counter. Timer1 and timer2 can not be used as a 16-bit 
timer if either PWM is being used. 
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Figure 9.0.1 shows a simplified block diagram of the 
PWM module. The duty cycle register is double buffered 
for a glitch free operation. 
Figure 10.0.2 shows how a 


glitch could occur if duty cycle registers are JlQ1double 
buffered. 


Operating 
on duty cycle registers: 
For PW1 DCH, 
PW1DCL, PW2DCH and PW2DCL registers, a write 
operation writes to the 'master latches' while a read 
operation reads the 'slave latches'. As a result, the user 
may not read back what was just written to the duty cycle 
registers. 


The user should also avoid any 'read-modify-write' 
operations 
on these 
registers, 
such 
as: ADDWF 


PW1DCH, may not work as intended. 


Register 
Name 


TMR1 
TMR2 
PR1 
PR2 
TCON1 
TCON2 
PW1DCL 
PW1DCH 
PW2DCL 
PW2DCH 


PIR 
PIE 


INTSTA (bit PEl E) 
CPUSTA (bit GLiNTD) 


PWM 
output _I 
t 
Timer 
interrupt 


FIGURE 90.1 - SIMPLIFIED PWM BLOCK 


DIAGRAM 


Noles: 
1. 8-bit timer is concatenated 
with 2-bit internal a clock time 


to create lo-bit time base. 


2. Timer1 is used in this exampfe. 


Function 


Timer/Counter 1 
Timer/Counter 2 
Period Register 1 
Period Register 2 
Timer/CapturelPWM 
Control Register 1 
Timer/CapturelPWM 
Control Register 2 
PWM1 duty cycle, lower 2 bits 
PWM1 duty cycle, upper 8 bits 
PWM2 duty cycle, lower 2 bits 
PWM2 duty cycle, upper 8 bits 


Peripheral Interrupt Register 
Peripheral Interrupt Enable 


Interrupt Status Register 
CPU Status Register 


I 
I 


10 
20 
I 
I 
30 
40 


~ 
Bank 2, File 10h 
Bank 2, File 11h 
Bank 2, File 14h 
Bank 2, File 15h 
Bank 3, File 16h 
Bank 3, File 17h 
Bank 3, File 10h 
Bank 3, File 12h 
Bank 3, File 11h 
Bank 3, File 13h 


Bank 1, File 16h 
Bank 1, File 17h 


File 07h 
File 06h 


Reset Value 


XXXXXXXXb 
xxxxxxxxb 
XXXXXXXXb 


XXXXXXXXb 
OOOOOOOOb 
OOOOOOOOb 
XXOOOOOOb 
XXXXXXXXb 
XXOOOOOOb 


XXXXXXXXb 


OOOOOOlOb 
OOOOOOOOb 


OOOOOOOOb 
OOllXXOOb 


t 
Write new 
PWMvalue 


[-------r--l 
~ 
t 
Timer interrupt 
new PWM value 
transferred to slave 
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Notes: 
1. The dotted line shows PWM output if duty cycle registers are not double buffered. 
If the new 


duty cycle value is written after the timer has passed that value, then the PWM does not 
reset at all during the current cycle causing a 'glitch'. 


Any unused op-code is executed as a NOP. 


The instruction set is highly orthogonal and is grouped 
into 
The PIC17C42 instruction set consists of 55 instruc- 
tions, each single word and 16-bit wide. Most instruc- 
tions operate on a file register f and the working register 
W (accumulator). 
Depending on the instruction, the 


result may be directed to the file register, or the working 
register (W) or to both. 


All instructions are executed in a single instruction cycle 
unless otherwise noted. 


Data Move Operations 


Arithmetic and Logical Operations 


Bit Manipulation Operations 


Program Control Operations 


Special Control Operations 


Instruction 
Code 
Status bits 
Binary 
Hex 
mnemonk: 
Description 
Function 
Affected 
Notes 


Ollp 
pppp 
ffff 
ffff 
6pff 
MOVFP 
I.p 
Movefto 
p 
I-+p 
None 
4 
1011 
1000 
kkklt kkkk 
BBkk 
MOVLB 
k 
Move lijeral to BSR 
k-+ 
BSR 
None 
OlOp pppp 
ffff 
ffff 
4pff 
MOVPF 
p.1 
Move ptol 
p -+1 
Z 
4 
0000 
0001 
ffff 
ffff 
01£f 
MOVWF 
I 
MoveWtol 
W-+I 
None 
1010 
lOti 
ffff 
ffff 
ABff 
TABLRD 
t.i,1 
Read data Irom table latch 
TBLATH 
-+ I ij t =1. 
None 
8,10 


into file I. then update 
table 
TBLATL 
-+ I if t =0; 


latch with 16-bij contents 
01 
Prog Mem (TBLPTR) 
-+ TBLAT; 


memory 
location 
addressed 
TBLPTR 
+ 1 -+ TBLPTR 
if i =1; 


by the table pointer. 
1010 
llti 
ffff 
ffff 
Aeff 
TABLWT 
t,i,l 
Write data Irom file I to table 
1-+ TBLATH 
ij t =1. 
None 
6 
latch and then Write 
16-bit 
I -+TBLATL 
ijt 
=0; 
table latch to program 
memory 
TBLAT 
-+ prog Mem (TBLPTR); 


location 
addressed 
by table 
TBLPTR 
+ 1 -+ TBLPTR 
ij i =1 


pointer. 
It also intitiates 
programming 
ij on-cllip 
EPROM 
program 
memory 
is addressed. 
1010 
OOtx ffff 
ffff 
AOff 
TLRD 
t,l 
Read data Irom table latch 
TBLATH-+lijt=1, 
None 
into file I (table latch unchanged). 
TBLA TL -+ I ift =0 


1010 
Oltx 
ffff 
ffff 
A4ff 
TLWT 
t,l 
Write data Irom file I into 
1-+ TBLATH 
ij t =1, 
None 


table latch. 
I -+TBLATL 
ij t =0 


Instruction 
Code 
Status bits 
Binary 
Hex 
mnemonic 
Description 
Function 
Affected 
Notes 


1011 
0001 
kkklt 
kkkk 
Blkk 
ADDLW 
k 
Add literal to W 
(W+k) 
-+W 
OVCDCZ 
0000 
llld 
ffff 
ffff 
OEff 
ADDWF 
I,d 
ADDWto 
I 
(W+f) 
-+d 
OVCDCZ 
0001 
OOOd ffff 
ffff 
10ff 
ADDWFC 
I,d 
ADD W and Carry to I 
(W+I+C) 
-+d 
OVCDCZ 
1011 
0101 
kkkk 
kkkk 
B5kk 
ANDLW 
k 
AND literal and 
W 
(W.AND.k) 
-+ W 
Z 
0000 
101d 
ffff 
ffff 
OAff 
ANDWF 
I,d 
ANDWwijhl 
(W.AND.f) 
-+ d 
Z 
0010 
100d 
ffff 
ffff 
2Bff 
CLRF 
I,d 
Clear I and Clear d 
"OQh" 
-+ I, 
"OQh" 
-+ d 
None 
3 
0001 
OOld ffff 
ffff 
l2ff 
COMF 
I,d 
Complement 
I 
T-+d 
Z 
0010 
llld 
ffff 
ffff 
2Eff 
CAW 
I,d 
Dec. adjust W, store in I,d 
W adjusted 
-+ I and d 
C 
3 
0000 
Olld 
ffff 
ffff 
06ff 
DECF 
I,d 
Decrement 
I 
(I-l)-+d 
OVCDCZ 
0001 
OlOd ffff 
ffff 
l4ff 
INCF 
I,d 
Increment 
I 
(1+1) -+d 
OVCDCZ 
1011 
0011 
kkklt 
kkklt 
B3kk 
IORLW 
k 
Inclusive 
OR lijeral wijh W 
(W.OR.k) 
-+ W 
Z 
0000 
100d 
ffff 
ffff 
OBff 
IORWF 
I,d 
Inclusive 
OR W with I 
(W.OR.f) 
-+d 
Z 
1011 
0000 
kkkk 
kkkk 
BOkk 
MOVLW 
k 
Move lijeral to W 
I!..=>W 
- 
None 
0010 
1l0d 
ffff 
ffff 
2eff 
NEGW 
I,d 
Negate W, store in I and d 
(W+l) 
-+ I, (W+l) 
-+ d 
OVCDCZ 
1,3 
0001 
101d 
ffff 
ffff 
lAff 
RLCF 
I,d 
Rotate left through 
Carry 
I<n>-+d<n+ 
1>, 1<7>-+C, C-+d<O> 
C 
0010 
OOld ffff 
ffff 
22ff 
RLNCF 
I,d 
Rotate left 
(no 
Carry ) 
f<n>~ 
d<n+l>, 
1<7>-+ d<O> 
None 
0001 
100d 
ffff 
ffff 
lBff 
RRCF 
I,d 
Rotate right through 
Carry 
l<n>-+d<n-1>, 
I<O>-+C, 
C-+d<7> 
C 
0010 
OOOd ffff 
ffff 
20ff 
RRNCF 
I,d 
Rotate right ( no Carry 
) 
f<n>-+ d<n-1>, 
f<O>-+ d<7> 
None 
0010 
101d 
ffff 
ffff 
2Aff 
SETF 
I,d 
Set I and Set 
d 
"FFh" -+ I, "FFh" -+ d 
None 
3 
1011 
0010 
kkklt 
kkkk 
B2kk 
SUBLW 
k 
Subtract 
W Irom literal 
(k-W) 
-+W 
OVCDCZ 
0000 
OlOd ffff 
ffff 
04ff 
SUBWF 
I,d 
Subtract 
W Irom I 
(I-W) -+d 
OVCDCZ 
1 
0000 
OOld ffff 
ffff 
02ff 
SUBWFB 
I,d 
Subtract 
W Irom I with borrow 
(I-W-e)-+d 
OVCDCZ 
1 
0001 
1l0d 
ffff 
ffff 
leff 
SWAPF 
I,d 
Swap I 
1<0:3> -+ d<4:7>. 
1<4:7> -+ d <0:3> 
None 
1011 
0100 
kkklt kkkk 
B4kk 
XORLW 
k 
Exclusive 
OR meral with W 
(W.XOR.k) 
-+ W 
Z 
0000 
1l0d 
ffff 
ffff 
oeff 
XORWF 
I,d 
Exclusive 
OR W with I 
(W.XOR.f) 
-+ d 
Z 
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Proaram Control Instructions 


Instruction 
Code 
Status Ms 
Binary 
Hex 
mnemonic 
Description 
Function 
Affected 
Notes 


111k 
kkkk 
kkkk 
kkkk 
Ekkk 
CALL 
k 
Subroutine 
call 
PC+1 --+TOS, k --+ PC<12:0>; 
None 
8 
(within 8K page boundary) 
k<12:8> 
--+ f3<4:0>, 
PC<15:13> 
--+ 13<7:5> 
0011 
0001 
ffff 
ffff 
3lff 
CPFSEQ 
I 
Compare 
flW skip il I=W 
I·W, 
skipff 
I=W 
None 
7 
0011 
0010 
ffff 
ffff 
32ff 
CPFSGT 
I 
Compare 
IIW skip ff f>W 
I·W, 
skipff 
f>W 
None 
2,7 
0011 
0000 
ffff 
ffff 
30ff 
CPFSLT 
f 
Compare 
IIW skip ff f<W 
I-W, 
skipff 
I<W 
None 
2,7 
0001 
011d 
ffff 
ffff 
16ff 
DECFSZ 
I,d 
Decrement 
I, skip ff 0 
(f-1) --+ d, skip ff resutt =0 
None 
7 
0010 
011d 
ffff 
ffff 
26ff 
OCFSNZ 
I,d 
Decrement 
f skip ff not 0 
(f-1) --+ d, skip ff not 0 
None 
7 
110k 
kkkk 
kkkk 
kkkk 
Ckkk 
GOTO 
k 
Uncond~ional 
branch 
k --+ PC<12:O>, 
k<12:8> 
--+13<4:0>, 
None 
8 
(within 8K page boundary) 
PC<15:13> 
--+13 <7:5> 
0001 
111d 
ffff 
ffff 
lEff 
INCFSZ 
I,d 
Increment 
f skip ff 0 
(1+1) --+ d, skip ff resutt 0 
None 
7 
0010 
OlOd 
ffff 
ffff 
24ff 
INFSNZ 
I,d 
Increment 
I skip ff not 0 
(1+1) --+ d, skip ff not 0 
None 
7 
1011 
0111 
kkkk 
kkkk 
B7kk 
LCALL 
k 
Long Call 
(PC+ 1) --+ TOS; 
None 
5,8 
(anywhere 
in 64K range) 
(13) --+ PCH; 
k --+ PCL 
0000 
0000 
0000 
0101 
0005 
RETFIE 
Retum lrom intenrupt 
TOS --+ PC (13 unchanged) 
GUNTD 
8 
and enable intenrupt 
'0' 
--+GLlNTD 
1011 
0110 
kkkk 
kkkk 
B6kk 
RETLW 
k 
Retum I~eral to W 
k--+W, 
TOS--+ 
PC, 
None 
8 
f3 unchanged 
0000 
0000 
0000 
0010 
0002 
RETURN 
Return 
from subroutine 
TOS--+ PC (f3 unchanged) 
None 
8 


0011 
0011 
ffff 
ffff 
33ff 
TSTFSZ 
I 
Test I skip ff 0 
skip 
ff 1=0 
None 
7 


It 
an 
Ing Instructions 


Instruction 
Code 
Status 
bits 
Binary 
Hex 
mnemonic 
Description 
Function 
Affected 
Notes 


1000 
lbbb 
ffff 
ffff 
8bff 
BCF 
I,b 
B~clearl 
O--+f(b) 
None 
4 
1000 
Obbb 
ffff 
ffff 
8bff 
BSF 
I,b 
B~setf 
1 --+f(b) 
None 
4 
1001 
lbbb 
ffff 
ffff 
9bff 
BTFSC 
I,b 
B~ test, skip ff clear 
skip il 
fIb) = 0 
None 
4,7 
1001 
Obbb 
ffff 
ffff 
9bff 
BTFSS 
I,b 
B~ test, skip ff set 
skip il 
fIb) = 1 
None 
4,7 
0011 
lbbb 
ffff 
ffff 
3bff 
BTG 
I,b 
BHaggle1 
I(b) --+I(b) 
None 
4 


)Decla contro instructions 


Instruction 
Code 
Status 
Ms 
Binary 
Hex 
mnemonic 
Descriotion 
Function 
Affected 
Notes 


0000 
0000 
0000 
0100 
0004 
CLRWDT 
Clear Watchdog 
Timer 
o --+ WDT, 0 --+ WDT prescaler, 
PD,TO 
l--+PO,l--+TO 
0000 
0000 
0000 
0000 
0000 
NOP 
No operation 
None 
None 
0000 
0000 
0000 
0011 
0003 
SLEEP 
Enter 'sleep' 
mode 
Stop oscillator,·power 
down- 
PD,TO 
o --+ '!Y.DT, 0 -:t-WDT 
prescaler, 
I--+TO,l--+PD 


Legend: 
I 


p 


b 


C,OC,Z,OV 


TO,PD 


GLlNTD 


W 
PC 


TBLPTR 


TBLAT 


TBLATL 


TBLATH 


WDT 


BSR 


TOS 


register file address 
( 00h to FFh ) 


peripheral 
register 
file address 
(OOhto 1Fh) 


bit address 
w~h in 8 M file register 


table pointer 
control 
i = 0: do not change 
i= 1: increment 
after 
instruction 
execution 
table byte select t = 0: perform operation 
on lower byte 
t = 1: perform 
operation 
on upper byte 
I~eral field (constant 
data) 


don't care 


destination 
select; d=O store resutt in W (lOA) 


d=l 
store resutt in file register 
'f' 


ALU status bits Carry, Dig~ Carry, Zero, Overflow 


CPU status b~s Til1l<H)ut and Power~wn 


GLobaIlntenrupt 
Disable 
bit (bit 4, CPUSTA) 


W-register 


Program 
counter 


Table Pointer 
(16 bit) 


Table Latch (16 bit) consists 
of high byte 


(TBLA TH) and low byte (TBLA TL) 


Table latch low byte 


Table latch high byte 


Watchdog 
timer 


Bank Select 
Register 


Top of Stack 


Notes: 


1) 
2's Complement 
method. 
2) 
Unsigned 
arithmetic 
3) 
II d=l, 
only 
the Iile is affected; 
If d=O, both Wand 
the file are 
affected; 
If only W is required to be affected, then I=OAh (File OAh) 
must be defined. 


4) 
The HEX representatiion 
is not accurate. 
The value 01the bit to be 
modffied 
has to be incorporated 
into the third digit. 


5) 
During an LCALL, the contents of Iile 03h are loaded into the MSB 
of the PC and kkkk kkkk is loaded into lile 02h the LSB 01the PC. 


6) 
Multiple 
cycle 
instruction 
lor EPROM 
programming 
when 
table 
pointer selec1s intemal 
EPROM. 
The instruction 
is terminated 
by 
an interrupt 
event. 


When 
writing 
to external 
program 
memory, 
~ is a two 
cycle 
instruction. 
7) 
Two cycle instructions 
when condition 
is true, else single 
cycle 
instruction. 


8) 
Two cycle instruction 
except lor TABLRD to 102h (Program Counter 
low byte) in which case it takes 3 cycles. 
9) 
A 'skip' means that instruction 
fetched during eXeculion of current 
instruction 
is not executed. 
Instead a 'NOP' is eXeculed. 


10) 
Any instruction 
that writes to PCL (102) is a two cycle instruction, 


execpt for TABLRD 
to 102 is a 3 cycle instruction. 
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OPCOOE <11:8> 


0 


• 
0 
~ 
on 
V 
ADOWFC 
COMF 
INCF 
DECFSZ 
RACF 
wc0 
2 
RRNCF 
RLNCF 
INFSNZ 
DCFSNZ 
ClRF 
0 
"-0, 4 
MQVPF 
5 


6 
MOVFP 


7 


סס oo: NOP 
0001: 
unused 
0002: RETURN 
0003: SLEEP 
0004: CLRWOT 
0005: RETFIE 
0006: OOFF unused 


10.1 
Special Function Registers as Source! 
Destination 


PIC17C42's orthogonal instruction set allows read and 
write of all file registers, including special function regis- 
ters such as PC and status registers. There are some 
special situations the user should be aware of: 


ALUSTA as destination (file O4h): If an instruction writes 
to ALUSTA, the Z, C, DC and OV bits may be set or reset 
as a result of the instruction and overwrite the original 
data bits written. For example, executing CLRF 04 will 
clear register 04, and then set Z bit leaving 000001 OOb 
first in the register. 


PCL as source or destination (file 02h): Read, write or 
read-modify-write 
on PCL (f02) have the following re- 


sults: 


Read PCL (102): 


Write PCL (102): 


PCH ~ 
PCLATH; PCL ~ 
d 


PCLATH ~ 
PCH; 


8 bit destination value ~ 
PCL 


PCL ~ 
ALU operand 
PCLATH ~ 
PCH; 


8 bit result ~ 
PCL 


Where PCH = program counter high byte (not a addres- 
sable register), PCLATH = Program counter high hold- 
ing latch (file 103), d = destination, W or f. 


Bit Manipulation 


All bit manipulation instructions are done by first reading 
the entire register, operating on the selected bit and 
writing the result back (read-modify-write). 
The user 
should keep this in mind when operating on special 
function registers, such as ports. 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Add literal to W 


ADDLW 
k 


11011 I 0001 Ikkkk 
I kkkk I 


1 


1 


(W + k) --+ W 


OV,C, 
DC,Z 


Description: 
The contents 01 the W register are added 
to the 8-bit literal 'k" and the result is 
placed in the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


ADDWtof 


ADDWF 
I,d 


~ 
1 


1 


(W+I)--+d 


OV, C, DC,Z 


Add the contents 01the W register to data 
memory location T. If 'd" is 0 the result 
is stored in the W register. If 'd" is 1 the 
result is stored in data memory location 
T. 


ADD Wand Carry to f 


ADDWFC 
I,d 


~ 
1 


1 


(W + I + C) 
--+ d 


OV,C, 
DC,Z 


Add the W register and the Carry Flag to 
data memory location T. II 'd' is 0 the 
result is placed in the W register. If'ct" is 
1 the result is placed in data memory 
location T. 


AND literal and W 


ANDLW 
k 


11011 I 0101 Ikkkk 
I kkkk I 
1 


1 


(W .AND. k) --+ W 


Z 


Description: 
The contents 01 W register are AND'ed 
with the 8-bit literal ·k". 
The result is 
placed in the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


AND Wwith 
f 


ANDWF 
I,d 


~ 
1 


1 


(W .AND. f) --+ d 


Z 


AND the W register with data memory 
location T. 
11'ct" is 0 the result is stored 
in the W register. 
11'ct" is 1 the result is 
stored in data memory location T. 


Bit Clear f 


BCF 
I,b 


~ 
1 


1 
o --+ I(b) 


None 


Description: 
Bit 'b" in data memory location T is reset 
to O. 


BSF 
Bit setf 


Syntax: 
BSF 
I,b 


Encoding: 
~ 


Words: 
1 


Cycles: 
1 


Operation: 
1 --+ I(b) 


Status bits: 
None 


Description: 
Bit'b" in data memory location T is set to 
1. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Bit test, skip if clear 


BTFSC 
I,b 


~ 
1 


1(2) 


skip if I(b) = 0 


None 


If bit 'b" in data memory location T is "0" 
then the next instruction is skipped. 


If bit 'b" is 
"0", the next 
instruction, 


letched during the current instruction ex- 
ecution, is discarded and a NOP is ex- 
ecuted instead making this a lwo-cycle 
instruction. 
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PIC17C42 


BTFSS 
Bit test. 
skip 
if set 
CLRF 
Clear 
f and Clear 
d 


Syntax: 
BTFSS 
I,b 
Syntax: 
CLRF 
I,d 


Encoding: 
~ 
Encoding: = 
Words: 
1 
Words: 
1 


Cycles: 
1 (2) 
Cycles: 
1 


Operation: 
skip if I(b) = 1 
Operation: 
OOh-+ I, 00h -+ d 


Status bits: 
None 
Status bits: 
None 


Description: 
II bit "b" in data memory location T is "1" 
Description: 
The contents 01data memory location T 
then the next instruction is skipped. 
are set to O. 11"d"is 0 the contents 01both• 


II bit '"b" is '0", the next instruction, letched 
data memory location T and W register 


during the current instruction execution, 
are set to O. 11"d"is 1the only contents 01 


is discarded and a NOP is executed in- 
data memory location T are set to O. 


stead making this a two-cycle instruction. 
CLRWDT 
Clear 
Watchdoa 
Timer 


BTG 
BitTogglef 
Syntax: 
CLRWDT 


Syntax: 
BTG 
I,b 
Encoding: 
~ 
Encoding: 
~ 
Words: 
1 


Words: 
1 
Cycles: 
1 


Cycles: 
1 
Operation: 
OOh-+WDT, 
0 -+ WDT prescaler, 


Operation: 
I(b) -+ I(b) 
Status bits: 
1 -+ TO, 1 -+ PO 


Status bits: 
None 
Description: 
CLRWDT instruction resets the watch- 


Description: 
Bit "b" in data memory location T is 
dog timer.!t also resets the prescaler 01 


inverted. 
the WDT. Status bits TO and PO are set. 


CALL 
Subroutine 
Call 
COMF 
Complement 
f 


Syntax: 
CALL 
k 
Syntax: 
COMF 
I,d 


Encoding: 
1111k I kkkk I kkkk 
I 
kkkk 
I 
Encoding: 
~ 
Words: 
1 
Words: 
1 


Cycles: 
2 
Cycles: 
1 


Operation: 
PC + 1 -+ TOS, k -+ PC<12:0>, 
Operation: 
1-+ 
d 


k<12:8> -+ PCLATH<4:0>; 
Status bits: 
Z 
PC<15:13> -+PCLATH<7:5> 
Description: 
The contents 01data memory location T 
Status bits: 
None 
are complemented. If "d" is 0 the result is 


Description: 
Subroutine call within 8K page. First, re- 
stored in W. 11"d"is 1 the result is stored 


turn address (PC + 1) is pushed into the 
in data memory location T. 


stack. The thirteen bit value is loaded into 
PC bits <12:0>. Then the upper-eight bits 
01the PC are copied into PCLATH (103). 
CALL is a two-eycle instruction. 
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PI~17~4,) _ 


~ 
1 


1 (2) 


f - W, skip if f = W 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


None 


Ifthe contents of data memory location "f' 
are equal to the contents of the W regis- 
ter, the next instruction is skipped. 


If f = W then the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in- 
stead making this a two-eycle instruction. 


Compare f with W, skip if f > W 


CPFSGT 
f 


~ 
1 


1 (2) 


f - W, skip if f > W (unsigned comparison) 


None 


Ifthe contents of data memory location "f' 
are greater than the contents of the W 
register, the next instruction, is skipped. 
The subtraction is unsigned. 


If f > W then the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-cycle instruction. 


Compare f with W, skip if f< W 


CPFSLT 
f 


~ 
1 


1 (2) 


f - W, skip if f < W (unsigned) 


None 


Ifthe contents of data memory location "f' 
are less than the contents of the W regis- 
ter, the next instruction is skipped. The 
subtraction is unsigned. 


If f < W then the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-eycle instruction. 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


~ 
1 


1 


if [W<3:0> >9] .OR. [DC = 1] 
then W<3:0> + 6 ~ 1<3:0>, d<3:0>; 
if [W<7:4> >9] .OR. [C = 1] then 
W<7:4> + 6 ~ 1<7:4>, d<7:4>; 


C 


DAW adjusts the eight bit value in the W 
register resulting from the earlier addition 
of two variables (each in packed BCD 
format) and produces a correct packed 
BCD result. If"cr is 0 the result is placed 
in the W register and data memory loca- 
tion "f'. If "d" is 1 the result is placed only 
in data memory location"f'. 


The Decimal Adjust Algorithm is as fol- 
lows: 


~ 
IfthelowernibbleofWisgreater 
than nine, or if the DC flag (Digit 
Carry) is set from previous op- 
erations, then 06h is added to 
W. 


~ 
If upper nibble is greater than 
nine, or if C flag (Carry) is set 
following Step 1 operation, 60h 
is added to W. 


The Carry flag may be set as a 
result of Step 1 or Step 2 opera- 
tion. 


DECF 
f,d 


~ 
1 


1 


(f-1) ~ d 


OV,C, 
DC,Z 


Decrement data memory location"f'. 
If 
"d" is 0 the result is stored in the W 
register. 
If "d" is 1 the result is stored in 
data memory location"f'. 


If» Ir®~~m~~fallr)f 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Decrement 
1. skip if 0 


DECFSZ 
f,d 


~ 
1 


1 (2) 


(f - 1) ~ d; skip if result = 0 


None 


The contents of data memory location "f' 
are decremented. 
If "dOis 0 the result is 
placed in the W register. 
If "dOis 1 the 
result is placed in data memory location 
"f'. If the result is 0 the next instruction is 
skipped. 


If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 


Decrement 
f, skip if not 0 


DCFSNZ 
f,d 


~ 
1 


1 (2) 


(f-1) ~ d, skip if not 0 


None 


The contents of data memory location "f' 
are decremented. 
If "dOis 0 the result is 
placed in the W register. 
If "dOis 1 the 
result is placed in data memory location 
"f'. 


If the result is not 0, the next instruction, 
fetched during the current instruction ex- 
ecution is discarded. A NOP is executed 
instead making this a two-eycle instruc- 
tion. 


GOTO 
k 


InOk 
I kkkk I 
kkkk I kkkk I 


1 


2 


k 
~ 
PC<12:0>; 
k<12:8> ~ 
13<4:0>, 
PC<15:13> ~ f3<7:5> 


None 


GOTO allows an unconditional 
branch 
anywhere within an 8K page boundary. 
The thirteen bit immediate value is loaded 
into PC bits <12:0>. Then the upper eight 
bits of PC are loaded into PCLATH (file 3). 
GOTO is always a two-eycle instruction. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


INCF 
f,d 


~ 
1 


1 


(f+1)~d 


OV, C, DC,Z 


The contents of data memory location "f' 
are incremented. 
If"d" is 0 the result is 
placed in the W register. 
If "dOis 1 the 
result is place in data memory location "f'. 


Increment 
1. skip if 0 


INCFSZ 
f,d 


~ 
1 


1 (2) 


(f+1) ~ d, skip if result = 0 


None 


The contents of data memory location "f' 
are incremented. 
If"d" is 0 the result is 
placed in the W register. 


If "dO is 1 the result is placed in data 
memory location "f'. If the result is 0 the 
next instruction is skipped. If the result is 
o the next instruction, fetched during the 
current instruction execution, isdiscarded. 
A NOP is executed instead making this 
the two-cycle case. 


Increment 
1. skip if not 0 


INFSNZ 
f,d 


~ 
1 


1(2) 


(f+1) ~ d, skip if not 0 


None 


The contents of data memory location "f' 
are incremented. 
If"d" is 0 the result is 
placed in the W register. 


If "dO is 1 the result is placed in data 
memory location "f'. If the result is not 0 
the next instruction, fetched during the 
current instruction execution, isdiscarded. 
A NOP is executed instead making this a 
two-eycle instruction. 
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Inclusive OR literal with W 


IORLW 
k 
11011 1 0011 I kkkk 1 kkkk 1 


1 


1 


0N .OR. k) -+ W 


Z 


The contents of the W register are inclu- 
sively OR'ed with the eight bit literal "1<". 
The result is placed in the W register. 


Inclusive OR W with t 


10RWF 
f,d 


~ 
1 


1 


0N .OR. f) -+ d 


Z 


Inclusive OR the W register with data 
memory location T. If"ef' is 0the result is 
stored in the W register. 
If "d" is 1 the 
result is stored in data memory location 
T. 


Long Call 


LCALL 
k 
110111 
0111 I kkkk 1 kkkk 1 


1 


2 


PC+1-+TOS; 
k -+ PCL, (PCLATH) -+ PCH 


Status bits: 
None 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Description: 
LCALL allows unconditional subroutine 
call to anywhere within the 64k program 
memory space. First, the retum address 
(PC+ 1) is pushed onto the stack. A 16-bit 
destination address is then loaded into 
the program counter. The lower 8-bits of 
the destination address is embedded in 
the instruction. The upper 8-bits of PC is 
loaded 
from 
PC high 
holding 
latch, 
PCLATH. 
LCALL is a two-eycle instruc- 
tion. 


MOVLW 
MOVPF 
LCALL 


56h 
W=56h 
W,PCLATH 
PCLATH = 56h 
3Ah 
CALL 
563Ah 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Movetto 
p 


MOVFP 
f,p 
I 011p 1pppp 
1Hff 
1ffff 
1 


1 


1 


f -+ P 


None 


Move data from data memory location T 
to data memory location 'p". Location T 
can be anywhere 
in the 256 word data 


space (DOhto FFh) while 'p" can be DOh 
to 1Fh. 


Either "p' or T can be the W register (a 
useful special situation). 


MOVFP is particularly useful to transfer 
a data memory location to a peripheral 
register (such as the transmit buffer or an 
I/O port). Both 'f' 
and 'p' 
can be indi- 


rectly addressed. 


Move Literal to BSR 


MOVLB 
k 
11011 I 1000 I kkkk 1 kkkk 1 
1 


1 


k -+ BSR 


None 


The constant is loaded in Bank Select 
Register (BSR, OFh). Only the low 4 bits 
of the Bank Select Register are physically 
implemented. 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Move Literal to W 


MOVLW 
k 


11011 I 0000 I kkkk I kkkk I 


1 


1 


k-tW 


None 


Description: 
The eight bit literal "k" is loaded into W 
register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Move ptof 


MOVPF 
p,f 


~ 
1 


1 
p-tf 


Z 


Move data from data memory location "p" 
to data memory location "1".Location "I" 
can be anywhere in the 256 byte data 
space (OOhto FFh) while "p" can be OOh 
to 1Fh. 


Either up' or "I" can be the W register (an 
useful special situation) 


MOVPF 
is 
particularly 
useful 
for 
transferring 
a peripheral 
register (e.g. 
the timer or an 1/0 port) to a data memory 
location. 


MoveWtof 


MOVWF 
f 


~ 
1 


1 


W-tf 


None 


Description: 
Move data from W register to data memory 
location "1". Location "I" can be anywhere 
in the 256 word data space. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bit: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


NegateW 


NEGW 
f,d 


~ 
1 


1 


W+1-t 
f; W+1-t 
d 


OV, C, DC,Z 


The contents of the W register are ne- 
gated using two's complement. 
If "d" is 0 
the result is placed in W register and data 
memory location "1". If"d" is 1the result is 
placed only in data memory location"l". 


No Operation 


NOP 


~ 
1 


1 


No operation 


None 


No operation 


Return from Interrupt 


RETFIE 


~ 
1 


2 


TOS -t 
PC, 0 -t GLiNTD; 


PCLATH (f3) is unchanged 


GLlNTD 


Retum from Interrupt. Stack is popped 
and Top of the Stack (TOS) is loaded in 
PC. 
Interrupts are enabled by clearing 
GLlNTD bit. GLlNTD is global interrupt 
disable bit (bit 4, register CPUSTA). This 
is a two cycle instruction. 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


RETLW 
k 


11011 I 0110 I kkkk I kkkk I 


1 


2 


k --+ W; TOS 
--+ PC; 


PCLATH (103) is unchanged 


None 


The W register is loaded with the eight bit 
litera' "k". The program counter is loaded 
from the top of the stack (the 
return 
address). 
The 
high 
address 
latch 
(PCLATH) remains unchanged. This is a 
two-eycle instruction. 


RETURN 


~ 
1 


2 


TOS 
--+ PC; 


PCLATH (f3) is unchanged 


Return from subroutine. 
The stack is 
popped and the top of the stack (TOS) is 
loaded into the program counter. This is 
a two-eycle instruction. 


Rotate Left f through Carry 


RLCF 
f,d 


~ 
1 


I<n> --+ d<n+l>; 
1<7>--+ C; C --+ d<O> 


C 


The contents of data memory location "I" 
are rotated one bit to the left through the 
Carry Flag. If"d" is 0 the result is placed 
in the W register. 
If "d" is 1 the result is 
stored back in data memory location "1". 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Rotate Left f (no carry) 


RLNCF 
f,d 


~ 
1 


1 


I<n> --+ d<n+ 1>; 1<7> --+ d<O> 


None 


The contents of data memory location "I" 
are rotated one bit to the left. If "d" is 0 the 
result is placed in the W register. 
If"d" is 


1the result is stored back in data memory 
location "1". 


Rotate Right f through Carry 


RRCF 
f,d 


~ 
1 


1 


I<n> --+ d<n-l>; 
1<0> --+ C; 
C --+ d<7> 


C 


The contents of data memory location "I" 
are rotated one bitto the right through the 
Carry Flag. If "d" is 0 the result is placed 
in the W register. 
If "d" is 1 the result is 


placed in data memory location "1". 


Rotate Right f (no carry) 


RRNCF 
f,d 


~ 
1 


1 


I<n> 
--+ d<n-l >; 
f<O> --+ d<7> 


None 


The contents of data memory location 'f' 
are rotated one bitto the right. If "d"is 0 the 
result is placed in the W register. If"d" is 
1 the result is placed in data memory 
location "1". 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Set f and Set d 


SETF 
f,d 


~ 
1 


1 


FFh ~ f, FFh ~ d 


None 


If"dOis 0 both the data memory location "f" 
and W register are set to FFh. If"d" is 1 
the only the data memory location "f" is 
set to FFh. 


SLEEP 


~ 
1 


1 
o~ PO; 1 ~TO 
OOh~ WDT; 0 ~ WDT prescaler 


TO,PD 


The power down status bit (PO) iscleared. 
Time-out status bit (TO) is set. Watchdog 
Timer and its prescaler are cleared. 


The processor is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 


Subtract W from literal 


SUBLW 
k 
11011 10010 1 kkkk I kkkk I 


1 


1 


(k-W) 
~W 


OV,C, 
DC,Z 


Description: 
The contents of the W register are sub- 
tracted from the B-bit literal"k". The result 
is placed in the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Subtract W from f 


SUBWF 
f,d 


~ 
1 


1 


(f-W) ~d 


OV,C, DC,Z 


Subtract (2's complement method) the W 
register from data memory location"f". 
If 
"dO is 0 the result is stored in the W 
register. If"dOis 1the result is stored back 
in data memory location"f". 


Subtract W from f with Borrow 


SUBWFB f,d 


~ 
1 


1 


(f-W-C) ~d 


OV, C, DC, Z 


Subtract (2's complement method) the W 
register and the carry flag (borrow) from 
data memory location"f". 
If "d" is 0 the 


result is stored in the W register. 
If"d" is 


1 the result is stored in data memory 
location "f". 


Swapf 


SWAPF 
f,d 


~ 
1 


1 


kO:3> ~ 
d<4:7>, k4:7> 
~ 
d<0:3> 


None 


Description: 
The upper and lower nibbles 
of data 


memory location"f" are exchanged. If "dO 
is 0 the result is placed inW register. If "dO 
is 1 the result is place in data memory 
location "f". 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Table Read 


TABLRD 
t,i,f 


~ 
1 


2 (3 cycle if f = 02h [PC]) 


If t = 1 then TBLATH ~ f 
else if t = 0 TBLATL ~ f; 
Prog Mem (TBLPTR) ~ TBLAT; 
if i = 1 then TBLPTR + 1 ~ TBLPTR 


None 


First, either the low byte (if t = 0) or the 
high byte (if t = 1) 
of the table latch 


(TBLAT) is moved to register file 'f'. 


Then the contents of the program memory 
location pointed to by the 16-bit Table 
Pointer (TBLPTR) is loaded into the 1- bit 
Table Latch (TBLAT). Finally table pointer 
is incremented if i = 1. 


MOVLW 
12h 
MOVPF 
W, TBLPTRH 
MOVLW 
34h 
MOVPF 
W,TBLPTRL 
TABLRD 
0,1, SOh 


TLRD 
0, SOh 
TABLRD 
l,l,51h 


O,52h 
1,53h 


TBLPTR = 1234h 
TBLAT = ProgMem 
(1234h) 
TBLPTR = 1235h 
low byte -> 50h 
high byte -> 51h 
TBLAT = ProgMem 
(1235h) 
TB1.PTR = 1236h 
low byte -> 52h 
high byte -> 53h 


Syntax: 


Encoding: 


Words: 


Cycles: 


Table write 


TABLWT 
t, i, f 


~ 
1 


2 (Many if write is to on-ehip EPROM 
program memory) 


if t = 0 then f ~ TBLATL 
else if t = 1 then f ~ TBLA TH; 
TBLAT ~ Prog Mem (TBLPTR); 
if i = 1 then TBLPTR + 1 ~ TBLPTR; 


First, contents of file register f is loaded in 
the low byte (if t = 0) or high byte (if t = 1) 
ofTable 
Latch, TBLAT. 


If TBLPTR points to extemal 
program 


memory 
location then the contents 
of 


TBLAT is written to it and the instruction 
takes 2 cycles. 


If TBLPTR points to an intemal EPROM 
location, then an EPROM write (program) 
sequence is initiated. Itisterminated when 
an interrupt 
is received. 


Ifthe Global Interrupt Disable bit (GLINTD) 
is set, the interrupt 
will complete 
the 


TABLWT, but no interrupt sequence will 
be invoked. If GLlNTD = 0, then interrupt 
will 
be acknowledged 
following 
the 


TABLWT. 


For an interrupt to end programming, its 
corresponding mask bit must enable the 
interrupt. If the terminating 
interrupt is 


INTIR, RTCIR or RTXIR, the flag bit is 
automatically cleared. The clearing takes 
place for both short and long table writes. 
The user can protect against accidental 
clearing 
of an interrupt flag due to a 


TABLWT instruction by masking off the 
above mentioned interrupts before doing 
table write operations. 


MCLRNpp pin must be at programming 
voltage for successful 
programming. 
If 


MCLRNpp = Vcc then the programming 
sequence will be executed, but will not be 
successful (although the location may be 
disturbed). 
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Table Latch Read 


TLRD 
t,f 


~ 
x= don't care 


1 


1 


if (t = 0) thenTBLATL 
~ f else if (t = 1) 
then TBLATH 
~ f 


None 


Read data from high byte (t = 1) or low 
byte (t = 0) of 16-bit Table Latch into file 
register 'f'. Table Latch is unaffected. 


This instruction 
is used in conjunction 


with TABLRD to transfer data from pro- 
gram memory to data memory. 


Table Latch Write 


TLWT 
t,f 


~ 
x= don't care 


1 


1 


if (t= 0) then f ~ TBLATL else if (t= 1)then 
f~ 
TBLATH 


Status bits: 
None 


Description: 
Data from file register f is written into the 
low byte (t = 0) or thehigh byte(t = 1) of 
the 16-bit Table Latch. 


Syntax: 


Encoding: 


Cycles: 


Operation: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


This instruction 
is used in conjunction 
with TABL WT, to transfer data from data 
memory to program memory. 


Test f, skip if 0 


TSTFSZ 
f 


~ 
1 


1 (2) 


skipiff=O 


None 


Ifthe contents of data memory location "I" 
are 0, then the next instruction is skipped. 


If "I" 
= 0, the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-cycle instruction. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Exclusive OR literal with W 


XORLW 
k 


11011 I 0100 I 
kkkk I kkkk I 


1 


1 


(W .XOR. k) ~ W 


Z 


Description: 
The contents olthe W register are XOR'ed 
with the 8-bit literal "k". 
The result is 


placed in the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Exclusive OR W with f 


XORWF 
f,d 


~ 
1 


1 


(W .XOR. f) ~ d 


Z 


Description: 
Exclusive OR the contents of the W reg- 
ister with data memory location "1". If "d" 
is 0, the result is stored in the W register. 
If "d" is 1, the result is stored in data 
memory location "1". 
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PIC17C42 


11.1 
Development Tools 


The PIC16C5X and PIC16CXX 
microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


PICMASTERTM Real-Time In-Circuit Emulator 
PRO MATETMUniversal Programmer 
PICSTARTTM Low-Cost Prototype Programmer 
• 
Assembler 
• 
Software Simulator 


11.2 
PICMASTERTM:High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller 
design tool set for all 
microcontrollers 
in the 
PIC16C5X, 
PIC16CXX 
and 
PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows 
expansion 
to support 
all new 
PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 
machines 
ranging from 80286-A~ 
class 
ISA-bus systems through the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft Windows" 3.1 environment, allowing the op- 
erator access to a wide range of supporting software and 
accessories. 


The PICMASTER 
has been designed as a real-time 
emulation 
system with advanced 
features 
generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


Host-Interface Card 


Emulator Control Pod 
• 
Target-Specific 
Emulator Probe 
PC Host Emulation Control Software 


The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER 
emulation 
can operate in one window, 
while a text editor is running in a second window. 


Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. 
With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.1, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 
development of multi-microcontroller 
systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 


11.3 
PRO MATETM:Universal Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Voo and VPp sup- 
plies which allows it to verify programmed memory 
at 
Voo min and voo max for maximum reliability. 
It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC 16CXX and PIC17CXX devices. 
It can also set fuse 
configuration and code-protect inthis mode. Its EEPROM 
memory holds data and parametric 
information 
even 
when powered down. 
It is ideal for low to moderate 
volume production. 


EJ 


o 
Wlndow$ 


•• 
3.1 
• ~ 


Common Interface Card 
PC Compatible 
Computer 
(ATIISA Bus) (for Industry Standard Architecture) 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface isfull-screen and menu- 
based. 
Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec- 
tion of Voo min, Voo max and VPp levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 


The PRO MATE has a modular 'programming 
socket 
module'. 
Different socket modules are required for 
different 
processor 
types 
and/or 
package 
types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


11.4 Assembler (MPASM) 


Cross Assembler is a PC hosted symbolic assembler. 
It 
supports 
all 
microcontroller 
series 
including 
the 
PIC 16C5X CMOS, PIC16CXX and PIC 17CXX families. 


MPASM offers fUlly featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


• 
Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language repre- 
sented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 
assembled code. 


• 
Macro Directives 
control the execution and data 
allocation within macro body definitions. 


11.5 
Software Simulator (MPSIM) 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers 
on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. 
The inpuVoutput 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
2 


the displaying of source code from a listing file. 
The 
Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making it an excellent multi-project software devel- 
opmenttool. 


11.6 
Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 11-1: 


TABLE 11-1: DEVELOPMENTSYSTEM 
PACKAGES 


Item 
Name 
SystemDescrlpllon 


1. 
PICMASTERTM PICMASTERIn-Circuit Emulator 
System 
with your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


20.7 Probe Specifications 


The PICMASTER probes currently meet the following 
specifications: 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE -17 
PIC17C42 
16 MHZ I 4.5V - 5.5V 
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12.0 ELECTRICAL 
CHARACTERISTICS 


12.1 
Absolute 
Maximum Ratingst 


Ambient temperature under bias .................•..............................................................•............................ 
-55°C to 125°C 
Storage temperature 
-65°C to 150°C 
Voltage on Voo with respect to Vss 
OVto +7.5V 
Voltage on MCLR with respect to Vss 
-o.6V to 12V 
Voltage on RA2 and RA3 with respect to Vss 
-o.6V to 12V 
Voltage on any pin with respect to Vss (except Voo, MCLR, RA2, RA3) ......................................•....... 
-o.6V to Voo+0.6 


Maximum current into Voo pin(s) total 
150mA 


Maximum current out of all Vss pins total 
150mA 
Maximum current sunk by any 1/0 pin (except RA2, RA3) 
35mA 
Maximum current sunk by either RA2 or RA3 pins 
60mA 
Maximum current sourced by any 1/0 pin 
20mA 
Input clamp current, 11K (VI<Oor VI>VOO) 
±20mA 
Output clamp current, 10K (VO<Oor VO>Voo) 
±20mA 
Total power dissipation 
1W 


Notes: 
1. Total power dissipation 
should not exceed 1 W for the package. Power dissipation is calculated as follows: 


Pdis = Voo x {Ioo - L loh} + L {(Voo-Voh) x loh} + L(Vol x 101) 


tNOTlCE: 
Stresse& above those IlstEld onder "MaxImtirnj=latlngs- may cause pelltlanenf damage to the 


device. This 1$a stress rating only and functional 
operation 
of the device ..at those or any other 


conditions 
above 1ho8etndicated 
In the operation 
listings 
Of this specification 
i8 not implied. 


Exposure to maximum rating conditions for extended periods may affect device reliability. 
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0 
ratin 
Conditions: 
4.5V SVoo S5.5V, -40"C sTA S85"C unless otherwise stated. 


Characteristic 
Symbol 
Mln 
Typt 
Max 
Unit 
Conditions 


SupPlv voltages 
and currents 


Supply Vonage 
Voo 
4.5 
5.0 
5.5 
Supply Current (note 1) 
100 
95 
3 
6 
6 
12 
11 
24 
19 
38 
• 


Power Down Current (notes 2,3) 
Ipo 
20 
20 
5 
5 
Programming voltage 
Vpp 
12.5 
13.0 
13.5 
Input voltage 
leyels 
& hysterlsls 


All inputs except C, 0 and E 
Vil1 
ports (SChmitt trigger inputs) 
Vih1 
0.8 Voo 
including OSC1 (EC, RC modes) 
Vhys1 
0.15 Voo· 
Ports C, 0 and E (TTL input) 
Vil2 
Vih2 
2.0 
OSC1 (XT, LF modes) 
Vil3 
Vih3 
Inpyt leakage current 


All pins except MCLR,RA2,RA3 
lil1 
uA 
Vss S VPINsVoo (note 4) 
MCLR pin 
lil2 
uA 
VssSVMCLRsVoo 
RA2,RA3pin 
lil3 
uA 
Vss S VRA2, VRA3S12V 
MCLR pin 
lil4 
uA 
VMCLR = Vpp(note 5) 
pin capacitance 


All pins except MCLR, Voo, Vss 
pF 
MCLR 
F 
OutPUt yoltage leyels 


RA2,RA3 (open collector) 
12.0 
V 
(note 6) 
3.0 
V 
1011=60 mA, Voo= 5.5V 
2.4 
V 
loh2 = -6 mA, Voo= 4.5V 
0.4 
V 
1012= 6 mA, Voo = 4.5V 
2.4 
V 
loh3 = -5 mA, Voo= 4.5V 
0.4 
V 
1013= 3 mA, Voo = 4.5V 
0.9 Voo 
V 
loh4 = -2 mA 
0.1 Voo 
V 
1014=4 mA 
60 
100 
250 
uA 
Pull-up active, VPIN= Vss 
1.5· 
V 


t: 
Data in 'Typ' 
column 
is at 5V, 25°C unless otherwise 
stated. These 
parameters 
are for design guidance 
only and are not tested. 


•. 
Guaranteed 
by characterization 
and not tested . 
•'. 
Guaranteed 
by Design. 


NOTE 
1: 
Supply 
current 
_ m8uurecl 
wi'" PIC17C42 
uec:uting 
code 
(from 
internal 
taM EPROM 
which 
I. same 
as miaooomputer 
mode) 
with aI portpina 
conlgured 
at 
~ 
.,d forced 
b Voo 
Q" Vss. External 
dock 
(rail to raiQ is uMd. 
The UHrlhould 
no •• lh. 
foMowing: 


a) 
The cod. u:ecu'-d 
from 
telt 
memory 
attemps 
to ex.,d •• the cNp 
k> make mOf8 realistic 
m •••••• 
ements 
of be (rath« 
than 
in reHQ. 
HoweYer, 
depandi'lg 
on 


UMl", 
<:ode. the current will very. 


b) 
Th. 
UMl' 
needs 
to add •.•• cunnt 
ec:nauned 
I:Jrtoutput 
«tv •• 
drivi'lg 
external 
cepec:ilYa 
or r••• 
tivaloed. 
For capacitive 
toada, 
INs 
C31 be Mtlm.ted 
for WI 


i1dividual 
output 
pin as: (Cl Voo) r wh •• 
CL• 
btal 
capac:itlvaloed, 
f. average 
frequency 
with 
wtic:h 
the pin twitc:hes. 


The anent 
due to adwNll 
capacit8nc:eload 
ewiktling 
i.moat 
lignlflcant 
cUing 
exwnaJ 
execution. 


e) The CUTent ~ad 
I:Jrt the OId'.tor 
'*Cl.it 
needa 
to be con"der~ 
•• 
well. This wil 
be ~Iy 
lignilcant 
for RC oedlator, 
wh •• 
1he COO'ent I'lrough 
the 
IlliCWnwpUt ~ 
r.""" 
CW"t be Mtimated 
aa: VooI(2-R) 
NOTe 2: 
Standby current 
ia maalll'ed 
una 
the foUowing 
ccncition.: 
Pitt In SLEEP, MCLR • Voo. OSC1 Wld OSC2 pin. 
driven 
or left ftoatlng 
(mlk 
•• 
no diff.ence). 
All port 


pi,. confl~ed 
•• 
input 
and tied to Vss or Voo. SWldby 
c:urent 
I. not affected 
by OlICiIlator type. 
NOTE 3: 
WOT oWmpl •• fuHo FWOn 
• FWOTO. 0 wnch contlgurn 
1Il. WOT ••• 
"ormoilinOf 
thot Ihuta 011d.mg SLEEP. WOT on mpl •• thot tho WOT 10 


configwed 
a •• 
wat<:hdog 
11m. (FWDTl, FWDTo .01,10 
or 11) which 
continu 
•• 
to fU'\ during 
SLEEP. 


NOTE 4: 
Willl eny wool<puR"", disolllod. 


NOTE 
5: 
When 
not programming 
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12.3 AC CHARACTERISTICS 


12.3.1 
AC Characteristics: 
OSC/Reset/System 
bus 
Operating Conditions: 
4.5V S\!oo :S5.5V,-40°C :sTA :S85°Cunless otherwise stated. 


Characteristic 
S mbol 
Min 
T 
t 
Max 
Unit 
Comments 


Input clock and oscillator 
frequencies 
Oscillator frequency 
Fosclf 
DC 
200 
KHz 
LF osc mode 
Foscxt 
0.2 
25 
MHz 
XToscmode 
RC mode frequency 
Foscrc 
DC 
4 
MHz 
RC osc mode 
Recommended limits: 
R 
2 
50 
Kohm 
C 
20 
1000 
pF 
Extemal clock in frequency 
Fextck 
DC 
25 
MHz 
EC mode (extemal clock) 


Instruction cycle time 
Tcy 
4/Fosc 
ns 
Fosc = ose/clock-in 
fre uency 
Clock-in (OSC1) high or low time 
TckHL 
15· 
o extemal clock input in 
T, 
For EC mode. 


Ciock-in (OSC1) rise or fall time 
TckRF 
15· 
For e 
emal clock input in 


F- 
rEC mode. 
Reset timing 
MCLA pulse width 
tmcL 
100· 
MCLA.!. to AD<15:0> high 
tmcL2adZ 


impedance 
WDT. OST. PWRT and 
PORtimings 
WDTperiod 
twdt 
5 
Prescale = 1 
Power up timer period 
tPWAT 
40 
Oscillator start-up timer 
tOST 
tose = oscillator period 
(OST) period 
Voo rise time for POA to 
tvoOR 
ms 
Time for Voo to rise from 
function properly 
OVto 4.5V (Note 1) 
Voo start voltage to guarantee 
VPOR 
V 
See section 4.4 for 
power on reset 
details 
System bus timings 
Address out valid to ALE .!. 
ns 
with 100 pF load on all 
(address setup time) 
address/data 
and control 


(ALE,OE,WA) pins. 


ALE.!. to address out invalid 
ns 
(address hold time) 
AD <15:0> high impedance 
10 
ns 
toCE.!. 


OEi 
to AD<15:0> d . e~ 
0.25 Tcy·1S 
ns 
Data in valid before-i 
35 
ns 
(data setup tim 
O'Ei to data' 
i~lid 
tooH2adi 
0 
ns 
(data hold ti 
) 
Data out valid t 
tadV2wrL 
0.25 Tcy-40 
ns 
(data setup time) 
WAi 
to data out invalid 
twrH2adi 
0.25 Tcy·· 
ns 
(data hold time) 
ALE pulse width 
talH 
0.25 Tcy·· 
ns 
OE pulse width 
tooL 
0.5 Tcy-3S- 
ns 
WA pulse width 
twrL 
0.25 Tcy·· 
ns 
ALE i to ALE i (cycle time) 
talH2alH 
Tcy·· 
ns 
Capacitive 
load on output 
pins 
OSC2 
Cosc2 
25 
pF 
(note 2) 
ALE, WR, OE and AD<15:0> 
CAD 
100 
pF 
(note 3) 
All other pins, including 
CIO 
50 
pF 
(note 3) 
C, D, E ports 
when used as 
ort 
See footnotes on next page. 
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t: 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
•. 
Guaranteed by characterization 
••. 
Guaranteed by design 
NOTE 1: 
Voo must start from OVfor Power on reset to function properly. Voo rise time can be longer but then external 
POR circuitry will be required. 
NOTE 2: 
In EC and RC oscillator modes when OSC2 pin is outputting CLKOUT, or in XT or LP mode when external clock 
is driven into OSC1 pin. 
NOTE 3: 
All AC specs are valid for these capacitive loadings 


12.3.2 AC Characteristics: 
Serial Port 


Operating Conditions: 4.5V ~VDD~.5V, 
-40°C gA GJ5°C unless otherwise stated. 


Characteristic 
Symbol 
Min 
Typt 
Max 


SYNC XMIT (MASTER & SLAVEI 


Clock high to data out valid 
tckH2dtV 


Clock out rise time and fall time 
(Master Mode) 
tckrf 


Data out rise time and fall time 
tdtrf 


SYNC RCV (MASTER & SLAVEl 


Data in valid before 
tdtV2ckL 
15 
ns 
CK .j. (DT setup time) 


Data in invalid after 
tckl2dtl 
ns 
CD .j. (DT hold time) 


Characteristic 
CLKOUT i to Po 


Typt 
Max 
Unit 


O.5Tcy+20 
ns 


Comments 


note 1 


t: 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 


NOTE 1: 
Timings are valid for a maximum of 50pF total capacitive load on the port pins, and CLKOUT pin. 
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12.3.4 AC Characteristics: 
TMRO & INT 


Operating Conditions: 4.5V ~VDD~.5V, 
-40°C ~A 
~5°C 
unless otherwise stated. 


Characteristic 
S mbol 
Min 
T 
t 
Max 
Unit 
Comments 


TMRO in ext clock. prescale = 1 


TOCKI clock input high time 
trtH1 
0.5 Tcy+20** 
ns 


TOCKI clock input low time 
trtl1 
0.5 Tcy+20** 
ns 


TMRO in ext clock. prescale > 1 


TOCKI clock input high time 
trtH2 
10* 
ns 


TOCKI clock input low time 
trtH2 
10* 
ns 
TOCKI clock input period 
trtP 
Tcy+40** 


N 
RA1fTOCKI pin and 
RAO/INT pin interrupt input 


RA1fTOCKI pin and 
RAOIINT pin input high time 
triH 
25* 
RA1fTOCKI pin and 
RAOIINT pin input low time 
triL 
25* 


t: 


r 
r 
Input high time on 
tcpH 
10* 
ns 
RBO/CAP1, RB1/CAP2 
Input low time on 
tcpL 
10* 
ns 
RBO/CAP1, RB1/CAP2 


Input period on 


RBOICAP1, RB1/CAP2 
tcpL 
2 Tcy ** 
ns 
where N=capture prescale 
-N- 
(1,4,16) 
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Port C, D & E pins: 
---v 
X 
~ 
Vih=2.4V 


~-------- 
-;------(\,-- 
ViI=O.4V 


I••••• 
----- 
••••• 
~I 
I 


1 
Data in valid 
, 
I 
I 
~_ 


I 
I 
Data in invalid 
=t__ 
x__ c 
1 
1 
, 
1-••----- 
••-, 
I 
1 
Data in valid 
1 
I~- 
I 
I 
Data in invalid 


I 
~, 
---' 
I 


I 
I 


:-- 
Data out invalid 
~-----Output 
Output 
driven 
hi-impedance 
----v- ------------~ -0.9 Voo 
X 
____~A-_------------:A:- 0.1 Voo 
. 
_. 
_ 


11 
I 
I 


---.. 
lo4-- Rise time 
-.... 
lo4-- 
Fall time 
I I 
I I 


load condition 1 
Vool2 


~RL 


Pin 
TCl 


Vss 


~ 
Pin 
TCl 


Vss 
Rl = 464 
Cl = 100 pF 
for C, D, E port outputs when 
used as system bus 


50 pF 
for all pins except OSC2 but 
including C, D, E outputs as ports 


25 pF 
for OSC2 output 
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I 


I 


I 
if 
Il: 
\a1H2a1H 
I 


Ir-- talH ----ri 
I 
I 
Ii ~ 
x:... tadZ200L 
~ 
I 
Ii 
1 
i. 
I 
tooL ---1':•• 


~ 
Addr out I! >----« 
Data in 


tadV2alL 
;. 
1Ij:: 
tadV2oot{. 
. 
---.;*- 
; 


talL2adl 


I 


I 


I 


I 


I 


I 
I 


Addrout 
I 


I 


'1'1 


I 


~tooH2adD 
I@( 
i 


I 


I 


tadV2alL 
talL2adl 
tadZ200L 


tooH2adD 
tadV200H 
tooH2adi 


= AD <15:0> 
(address) 
valid 
to ALE J.; address 
setup 
time 
= ALE J. to AD<15:0> 
(address) 
invalid; 
address 
hold time 
= AD <15:0> 
high 
impedance 
to OE J. 


= OE i to AD <15:0> 
driven 
(address 
out) 
= AD <15:0> 
(data) 
valid 
to OE i; data 
setup 
time 
= OE i to AD <15:0> 
(data) 
invalid; 
data 
hold time 


talH 
tooL 


talH2alH 


= ALE pulse 
width 
= OE pulse 
width 
= ALE i to ALE i; bus cycle 
period 
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I 
01 
02 
I 
03 
Q4 
I 
01 
I 
02 
I 
I 
I 
I 


OSC1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


ALE 
I 
r 
I 
II 
I 
11 
I 
I 
• 


-J....; 
I: 
I 
I 
OE 
I 
~ 
r-tall2adl 
I 
I 


'M'l 
I 
: 
:; 
I 
I 


1 
;'"tadV2aIL"; 
t. 
I 4 
I 
I 
I 
i 
I 
twrt.. I 
I 


AD<15:0> 
I 
m-addrout 
I 
~'" 
.I 
data otIt 
i r 
~addrout 
I 
I: 
I 
I 
:..-.: 
I 
I 
I 
I 
tadV2wrL 
I 
twrH2adi 
I 


tadV2alL 
= AD<15:0> (address) valid to ALEL; address setup time 


talLadl 
= ALEL to address out invalid; 


tadV2wrL 
= AD <15:0> (data) out valid to WR .I.; data out setup time 


twrH2adi 
= WR i to ad <15:0> (data) out invalid; data out hold time 
twrL 
= WR pulse width 


1011021031Q4101102103104101102103104101102103104101102103j041011021031041 
1 
1 
I: 
1 
1 
1 
I 


1 
1 
I: 
1 
I 
1 
I 


~ 
PC+1 


ALE~ 
1\ 
1 
r: 
I 
1\ 
I 
1\ 
I 
~ 


1 
l.< 
;-lriL I 
I 
I 
1 


INT 
I 
\\\\\\\\\\\'f\\\ 
t 
I 
I 
1 
1 


I 
INST(PC-2) I INST(PC-1) 
I 
INST(PC) 
1 
I 
1 
INST(NPC) 
1 
1 Executedhere 1Executedhere I Executedhere 1 
1 
1 Executedhere I 


Internal SI9n~IS 
1 
I 
1 
1 
1 
I 


PC 
~ 
A;1 
X 
~ 
X 
PC+' 
X__ 
PC+_'_X __ """__ 
X 
"""" 
) 


1 
I 
1 
1 
1 
I 


VTB 
1V9Ctor- 
Bus 1 
It\ 
I 
I 
1 


1 
I 
I 
I 
I 
1 


I V9Ctor_ 
PC I 
I 
I 
I 
\ 
I 
1 
VTPC I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
1 Mustbeset 


Global 
1 
41by software 
Enablebit 
I 
I 
1 
, 
_ 
1 
1 
1 
1 
I 


I 
1 
1 
I 
1 
1 
I 
I 
I 
I 
1 
I 
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Processor held in 
. 


:.. 
01 
-102103104: 01102103104: 01102103104: 0111" 
01 
-1,02103 


I 
~:~L-5E;:" 
I~~~~: 
:~~~fh~~~ 
- _ 


I 
I 
I 
I 
I 
Fetch 
INST (0002h) 
I 
I 
Execute 
I 
INST (0001 h) 
I 


I 


Fetch 
I 
INST (OOOOh)I 
I 
I 
I 
I 


Fetch 
I 


INST (0001 h) I 
I 
Execute 
I 
INST (OOOOh) I 


I 


Fetch 
INST (OOOOh) 


; 011 021 031 04; 011 021 031 04; 011 021 031 04; 011 021 031 04; 


I 
I 
I 
I 
I 


Instruction 
fetched 


Instruction 
executed 


TABLRD 
NOP 1 
I 
I 
1 
I 


INST (PC-l) 
I TABLRD cycle 11 TABLRD cycle 21 


I 
I Data read cycle 1 
I 
I 
I 
ALE 


OE 
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; 011 021 031 04; 01\ 021 031 04 
1 011 021 03\ 04; 011 021 031 04; 011 021 031 04; 011 021 031 04; 


I 
I 
I 
I 
I 
I 
I 


Instruction 
fetched 


Instruction 
executed 


TABLRD 
1 
TABLRD 2 
I 
NOP 1 
I 
I 
I 
I 
I 


INST (PC-1) 
ITABLRD1 cycle11 TABLRD1 cycle21 TABLRD2 cycle11 TABLRD2 
cycle21 


I 
I Data read cycle I 
I Data read cycle I 
I 
I 
I 
I 
I 


; 01102103104; 
011 021 031 04; 011 021 031 04; 011 021 031 04; 


I 
I 
I 
I 
I 


AD<15:0>~ 


Instruction 
I 
TABLWT 
I 
NOP 1 
NOP 2 
fetched 
I 
I 
I 
I 


Instruction 
I 
INST (PC-1) ITABLWT cycle 11TABLWT cycle 2' 
NOP 1 
executed 
I 
I 
, Data write cycle I 
I 


ALE' 
I 
I 
~ 


~ 
I 
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; atl 021a31 04; atl a21 a31 04; atl a21 a31 04; atl a2\ a31 04; atl a2\ a3\ 04; atl a21 a31 04; 


I 
I 
I 
I 
I 
I 
I 


Instruction 
fetched 


Instruction 
executed 


TABLWT 
2 
NOP t 
NOP 2 
I 


I 
I 
I 
I 
I 


ITABLWTt 
cycletlTABLWTt 
cycle21TABLWT2 
cycletiTABLWT2 
cycle21 


I 
I Data write cycle I 
I Data write cycle I 
I 
I 
I 
I 
I 


I 
V 
I 


0SC2~ 


OSC1 


Instrudion 
Felchod 


InstNction 
Executed 


ALE 


.NT 


Notes: 
1. 
LF or XT osdlator 
mode 
assumed. 


2. 
INT intenupl 
is assumed 
lobe 
enable 
(INTOE.1) 
and gobal 
intOf1\Jllldlsable 
is assumed 
10 be set (GlINTD-1). 
Hence. program 
does not brand1to 
1••• "'4'1 
vector 


after wak.up. 


3. 
losc1. 
time toroedlation 
amplitude 
10 reach 
a IeYel accept.abIe 
bvthe 
O8cilator start-up 
timer. 
lOST = osciIator 
start-up 
timer 
Iifne.ouI 
dem.v. 
1024tose. 
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OSC1~ 
OSC1 at Hi-Z, held at logle '1' byextemal 
puU-up resistor 


InstnJCtion 
Fetched 


Instruction 
Executed 


ALE 


RestartOSC 
(Wake-op through 
INT Interrupt) 


,.,,- 


Notes: 
1. RC oscillator 
mode 
assumed. 
2. INT interrupt 
is assumed 
to be enable 
(INTOE=l) 
and global 
intemJp( 
cisable 
is assumed 
to be set (GLlNTO:l). 
Hence, 
program 
does not branch 
to interrupt 
vedor 
after 
wake·up. 
3. tose1 = time for oscillation 
amplitude 
to reach 
a kw~ 
acceptable 
by the oscillator 
start-up 
timer. 
tOST = oscillator 
start-up 
timer 
time-out 
delay = 1024 lose. 


RA5fTX1~i~ ----f 


~~tCkrf 


RA4/RXI~~ ------x==========================>1--------- 


. 
. 
tdlrf 
--.::. 
~: 
~ 
~ 
tckH2dtV 
~ 


\-: 
I 


--.j ~ 
tckrf 


RA5fTX1CK 
pin 
/ 
\._---_/ 
----- 
tdtV2ckL 
: 
:.. 
.: 
__ 
~X 
. 
RA4/RXIDT 
pin 


tckH2rxV 


trxV2ckH 


1~1~lool~I~I~lool~1 
I 
I 
I 


OSCVCLKOUT~ 
I 
. 
--L.~ 
!_trxVckH 


WA_TO_POAT 
I 
fI\ ~ 
. 
I 
(internal) 
I 
~~ 
i 
I 


AD_PORT 
~ 
(internal) 
I 
. 
I! 
I 


Port output 
I 
IX 
I 
I 
I 
I 


= CLKOUT t to port data out valid 


= Port data in valid before CLKOUT t 


f<~---- 
.: 


~w~~~m~U'il~W~ 
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13.0 
PACKAGING 
INFORMATION 


See Section 11 of the Data Book. 


IPrr®~imilri)<a1rry 


2-686 


Connect world wide to the Microchip BBS using the 
Compuserve communications 
network. 
In most cases 
a local call is your only expense. 
The Microchip BBS 


connection does not use Compuserve membership 
services, therefore you do not need Compuserve 
membership 
to join Microchip's 
BBS. 


The procedure to connect will vary slightly from 
country to country. 
Please check with your local 
Compuserve agent for details if you have a problem. 
Compuserve services allows multiple users at baud 
rates up to 9600. 


1. 
Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal Compuserve setting 
which is 7E1. 


3. 
Depress <ENTER> and a garbage string will 
appear because Compuserve is expecting a 7E1 
setting. 


5. 
Type MCHIPBBS<ENTER> 
and you will be 
connected to the Microchip BBS. 


In the United States, to find Compuserve's phone 
number closest to you, set your modem to 7E1 and 
dial (800) 848-4480 for 300-2400 baud or (800) 331- 
7166 for 9600 baud connection. 
After the system 


responds with Host Name:, type 


NETWORK<ENTER> 
and follow Compuserve's 


directions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local Compuserve 
number. 


Trademarks: 


PIC is a registered trademark of Microchip Technology 
Incorporated 
in the United States. 


The Microchip logo and name are trademarks 
of Microchip 
Technology 
Incorporated. 


PICMASTER, 
PRO MATE and PICSTART are trademarks 
of Microchip Technology 
Incorporated. 


IBM PC and AT are registered trademarks of IBM 
Corporation. 


MS-DOS and Microsoft Windows are registered trade- 
marks of Microsoft Corporation. 


CompuServe 
is a registered trademark of CompuServe 
Inc. 


All other trademarks 
mentioned herein are the property of 
their respective companies. 
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PIC17C42 
Product 
Identification 
System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 
PART NO· XXXIX XXX 


yPATTERN' 
3-Digit Pattern code for OTP 
(blank for OTP and windowed 
parts) 


P= 
PDIP 
JW = 
Cerdip window 
L= 
PLCC 
PO = 
MOFP (Metric POFP) 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine n an errata sheet exists for a particular device, please contact one of the following: 


1. 
Your local Microchip sales office (see below) 
2. 
The Microchip Corporate L~erature Center 
U.S. FAX: (602) 786-72n 
3. 
The Microchip's Bulletin Board, via your local Compuserve number. 


Please specify which device, revision of silicon and Data Sheet (include L~erature #) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call1-BOO-755-2345 or 1-602-7B6-7302. 
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SECTION 3 


8-BIT MICROCONTROLLER 
PROGRAMMING 
SPECIFICATIONS 


PIC16C5X 
PIC16C6X17X 
PIC16C84 
PIC17CXX 
saTP 


PIC16C5X EPROM Memory Programming Specification 
3- 
1 


PIC16C6X17X EPROM Memory Programming Specification 
3- 
13 


PIC16C84 EEPROM Memory Programming Specification 
3- 
25 


PIC17CXX EPROM Memory Programming Specification 
3- 
37 


SaTP (SerializedQuickTurn Programming)Specification for PIC16C5X 
3- 
49 • 


PIC16C5X 


PIC16C5X EPROM Memory Programming Specification 


1.1 Overview 


The PIC16C5X Series is a family of single-<:hip CMOS 
microcontrollers with on-<:hipEPROM for program stor- 
age. 


Due to the special architecture of these microcontrollers 
(12-bit wide instruction word) and the low pin counts 
(starting at 18 pins), the EPROM programming method- 
ology is different 
from that of standard 
(byte-wide) 


EPROMs (e.g., 27C256, etc.) or other EPROM-based 
microcontrollers. 


The PIC16C5X Series can be programmed by applying 
the 12-bit wide data word to the 12 available I/O pins 
while the address is generated by the on-<:hipProgram 
Counter. 
The MCLR pin provides the programming 


supply voltage (Vpp) and serves also as a general test 
mode enable pin. 
Programming/verify 
chip enable is 


controlled by the RTCC pin while the OSC1 pin controls 
the Program Counter. 


This document describes all the programming details of 
the PIC16C5X Series and the requirements for pro- 
gramming equipment 
to be used from programming 


prototypes in the engineering 
lab up to high volume 


programming on the factory floor. 


PDIP, SOIC, 
CERDIP Window 


___ 
RA2 
___ 
RA3 


--RTCC 
--MCLRN"" 
--vss 
---ROO 
---RB1 
---RB2 
___ 
RB3 


PDIP,SOIC, 
CERDIP Window 


--RTCC 
__ voo 


NlC 


-- 
vss 
NlC 
---RAO 
---RA1 
-RA2 
-RA3 
-ROO 
-RB1 
-RB2 
-RB3 
-RB4 


'1 


"'" 
28 
2 
27 
3 
26 
4 
25 
S 
."." 
24 
[ 
6 
~~ 
23 
7 
en en 
22 
8 
00 
21 
9 
CIICII 
20 
,""CII 
10 
19 
11 
18 
12 
17 
13 
16 
[ 14 
1S ] 


RA1--- 
RAO--- 
OSC1/CLKIN-- 
OSC2ICLKOUT 
--- 
voo- 
RB7--- 
RB6--- 
RBS--- 
RB4 
_ 


MCLlW"" 
- 
OSCllClKIN -- 
OSC2lCLKOUT 
-- 
RC7- 
RCS- 
RCS- 
RC4- 
RC3- 
RC2- 
RC1- 
RCO- 
RB7- 
RB6- 
RBS- 


During Programming 


Pin Name 
Pin Name 
Pin Type 
Pin Description 


RTCC 
PROGNER 
I 
Programpulseinputlverifypulseinput 


RAO-RA3 
DO-D3 
110 
DatainpuVoutput 


RBO-RB? 
04-011 
110 
DatainpuVoutput 


OSC1 
INCPC 
I 
IncrementProgramCounterinput 


MCLR 
Vpp 
P 
Programmingpower 


Voo 
Voo 
P 
Powersupply 


Vss 
Vss 
P 
Ground 


• 
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The PIC16C5X Series uses the internal Program Counter 
(PC) to generate the EPROM address. VPPis supplied 
through the MCLR pin. 


The RTCC pin acts as chip enable, alternating between 
programming and verifying. 


The OSC1 pin is used for verifying and incrementing the 
PC. 


Data is applied to, or can be read on PORTA and PORTB 
(MSB on RB7, LSB on RAO). 


The programming/verify 
mode is entered by raising the 
level on the MCLR pin from VILto VHH(= Vpp) while the 
RTCC pin is held at VIHand the OSC 1 pin is held at VIL. 


The Program Counter has now the value "FFFh", be- 
cause MCLR was at VIL before. This condition selects 
the configuration 
EPROM as the very first EPROM 
location to be accessed after entering the programlverify 
mode. 


Since the MCLR pin was initially at VIL, the device is in 
the reset state (the I/O pins are in the reset state). 


Incrementing the PC once (by pulsing the OSC1 pin) 
selects location "OOOh"of the regular program memory. 
Afterwards all other memory locations from 001hthrough 
1FFh can be addressed by incrementing the PC . 


If the Program Counter has reached the last address of 
the normal memory area (e.g. "1FFh" for the PIC16C54/ 
55), and is incremented again, the on-chip TEST EPROM 
will be addressed. (See Figure 2.3.2 to determine where 
the TEST EPROM is located for the various PIC16C5X 
devices). 


2.1 
ProgramNerify 
without 
PC Increment 


After entering the program/verify 
mode, pulsing the 
RTCC pin LOW programs the data present on PORTA 
and PORTB into the memory location selected by the 
Program Counter. The duration of the RTCC LOW time 
detennines the length of the programming pulse. 


Pulsing the RTCC pin LOW again without changing the 
signals on MCLR and OSC1 puts the contents of the 
selected memory location out on Port A and Port B for 
verification of a successful programming cycle. 
This 
verification pulse on RTCC can be much shorter than the 
programming pulse. 
If the programming was not suc- 
cessful, 
RTCC can be pulsed LOW again to apply 
another programming pulse, followed again by a shorter 
RTCC LOW pulse for another verification cycle. 


This sequence 
can be repeated as many times as 
required until the programming Is successful. 


2.2 
Verify 
with 
PC Increment 


If a verification 
cycle shows that programming 
was 
successful, the Program Counter can be incremented by 
keeping the RTCC input at a HIGH level while pulsing 
the OSC1 input HIGH. When both, RTCC and OSC1, 
are HIGH, the contents of the selected memory location 
is put out on Ports A and B (= Verify). The falling edge 
of OSC1 will increment the Program Counter. 


A fast VERIFY - ONLY with automatic increment of the 
PC can be perfonned 
by entering the program/verify 
mode as described above and then clocking the OSC1 
input. If OSC1 is HIGH, the selected memory location is 
output on Ports A and B, while the falling edge of OSC1 
will increment the Program Counter. 
Thus, the first 
memory location to be verified after entering the pro- 
gram/verify mode, is the configuration 
EPROM. 
The 
next location is OOOhfollowed by 001h and so on. The 
program memory location "N" can be reached by gener- 
ating "N + 1" falling edges on OSC1. 
When OSC1 is 
brought HIGH again, the contents of address "N" are 
output on Ports A and B as long as OSC1 stays HIGH. 


2.3 
ProgramminglVerifying 
Configuration 
Fuse 


The configuration 
word, logically mapped at program 
memory location "FFFh", is physically separate from the 
user and TEST EPROM. The PC points to the configu- 
ration word after MCLR pin goes from LOW to VHH 
(HIGH). The configuration word can be programmed or 
verified using the techniques described in Sections 2.1 
and 2.2. 


If PC is incremented, the next location it will point to is 
"OOOh"in user memory. Incrementing PC 4096 times will 
not allow the user to point to the configuration word. The 
only way to point to it again is to reset and re-enter 
program test mode. 


2.4 
Programming 
Method 


The programming technique is described in the follow- 
ing section. It is designed to guarantee good program- 
ming margins. 
It does, however, require a variable 
power supply for Vcc. 


2A.1 
PROGRAMMING METHOD DETAILS 


Essentially, this technique includes the following steps: 


Step 1: 
Perform blank check at Voo = Voo min. Report 
failure as an erase problem. The device may 
not be properly erased. 


Step 2: 
Program location with pulses (100!Ls typically) 
and verify after each pulse at Voo = Voop: 
where Voop = Voo range required during pro- 
gramming (4.5 V - 5.5 V). 


A. Programming condition: 


VPP= 13.0 V to 13.25 V 


Voo = Voop = 4.5 V to 5.5 V 


VPP must be ~ Voo + 7.5 V to keep "pro- 
gramming mode" active. 


PIC16C5X Programming~ecification 


B. Verify condition: 


Voo = Voop = 4.5 V to 5.5 V 


Vpp ~ Voo + 7.5 V 


If location fails to program after 'N' pulses, 
(suggested maximum program pulses of 
25) then report error as a programming 
failure. 


Step 3: 
Once 
location 
passes 
'Step 
2', 
apply 
3X 


overprogramming, 
Le., apply three times the 


number of pulses that were required to pro- 
gram the location. This will guarantee a solid 
margin. The overprogramming should be made 
'software programmable' 
for easy updates. 


Step 4: 
Program all locations. 


Step 5: 
Verify all locations (using speed verify mode) at 
Voo = Voo min. 


Step 6: 
Verify all locations at Voo = voo max. 


Voo min. is the minimum operating voltage 
spec. for the part. voo max. is the maximum 
operating voltage spec. for the part. 


2.4.2 
SYSTEM REQUIREMENTS 


Clearly to implement this technique, the most stringent 
requirements will be that of the power supplies: 


VPP: 
Vpp can be a fixed 13.0 V to 13.25 V supply. It 
must not exceed 14.0 V to avoid damage to the 
pin and should be current limited to approxi- 
mately 30 mA. 
To avoid 
latchup 
on the 


MCLRNpp pin, the VPp power supply 
must 


have 50 n to 100 n impedance. 
If not, an 


external 
resistance 
is recommended. 


Voo: 
2.0 Vto 6.5 V with 0.25 V granularity. Since this 
method calls for verification at different Voo 
values, a programmable Voo power supply is 
needed. 


Current Requirement: 40 mA maximum 


Microchip may release PIC16CXXs in the fu- 
ture with different Voo ranges which make it 
necessary to have a programmable Voo. 


It is important 
to verify an EPROM at the voltages 


specified 
in this method 
to remain consistent 
with 


Microchip's test screening. 
For example, a PIC16C5X 


specified for 4.5 V to 5.5 V should be tested for proper 
programming from 4.5 V to 5.5 V. Any programmer 
not 


meeting the programmable 
Voo requirement 
and the 


verify at Voo max and Voo mln requirement 
may only 


be classified 
as "prototype" 
or "development" 
pro- 


grammer 
but not a production 
programmer. 


Certain parameters should be programmable (and there- 
fore easily modified) for easy upgrade. 


A. 
Pulse width, current value 10011s. 


B. 
Maximum number of pulses, current limit 25. 


C. 
Number of over-programming pulses: should be = 
(A • N) + B, where 
N = number of pulses required 


in regular programming. 
In our current algorithm A 
= 3, B = o. 


2.5 
Programming Pulse Width 


Normal EPROM Cells 


When programming 
one word of EPROM (program 
memory and TEST EPROM) a programming pulse width 
(TPW) of 100 microseconds is recommended. 


The maximum number of programming attempts can be 
limited to 25 per word. 


After the first successful verify, the same location should 
be over-programmed with 3X over-programming. 


Configuration Fuses 


The configuration 
fuses for oscillator selection, WDT 
(watchdog timer) disable and code protection, require a 
programming pulse width (TPWF)of 10 milliseconds. 
A 
series of 10011Spulses is preferred over a single 10 ms 
pulse. 


2.6 
Special Memory Locations 


On top of the normal EPROM section for program 
storage is a special EPROM area available, called the 
TEST EPROM. 
Depending on the PIC16C5X device 
type, this TEST EPROM can be of different size and 
located at different start locations. Please refer to Figure 
2.3.2 
for information about the TEST EPROM start 


address for a particular device. 


For the PIC16C54/55, the TEST EPROM consists of 64 
extra words (12-bit wide) which reside on top olthe 512 
word program 
memory, starting at address location 
200h and ending at location 23Fh. 


For the PIC16C56, the TEST EPROM is 64 words as 
well, starting at location 400h to 43Fh. 


For the PIC16C57/C58A, the 64 TEST EPROM loca- 
tions are between addresses 800h and 83Fh. 


The TEST EPROM is only enabled if the device is in a 
test or programming/verify 
mode. Thus, in normal op- 


eration mode only the memory location OOOhto NNNh 
will be accessed and the Program Counter will just roll 
over from address 
NNNh to OOOhwhen incremented. 
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Increment 
PC to Point to 
Next Location. 
N = 0 


Report 
Erase Failure, 


Continue 
Programming 


at user's option 


Report Verify 
Failure 


@Vro 
min 


Report Verify 
Failure 


@Vro max 


PIC16C5X ProgramminQ..§pecification 


Address 
11 
Bit Number 
0 
(Hex) 000 c==J 


User Program 
Memory(NNN + 1) 
NNN 
x 12 Bit 


TTT 
0 
0 
IDO 
TTT + 1 
0 
0 
ID1 
TTT+2 
0 
0 
ID2 
TTT+S 
0 
0 
IDS 


TTT +SFr=J 


(FFF) 
0 
0 


Test EPROMfor Customer 
Use (4 x 4 Bit Usable) 


Test EPROMfor 
FactoryUse 


NNN HighestnormalEPROMmemoryaddress. NNN= 1FFfor PIC16C54,55. 


NNN= SFFfor PIC16C56and 7FF for PIC16C57. 


TTT 
Startaddressof TEST EPROM 


The configuration 
EPROM can 
only 
be accessed 


immediately after MCLR going from 
VIL to VHH. 
The 


Program Counter will be set to all "1s" upon MCLR = VIL. 
Thus, it has the value "FFFh" when accessing 
the 


configuration 
EPROM. 
Incrementing 
the 
Program 


Counter once by pulsing OSC1 causes the Program 
Counterto roll over to all "as·. Incrementing the Program 
Counter 4K times after reset (MCLR = VIL) does not 
allow access to the configuration EPROM. 


2.6.1 
CUSTOMER 
10 CODE 
LOCATIONS 


Per definition, the first four words of the TEST EPROM 
(address TIT 
to TTI + 3) are reserved for customer 


use. Anhough all words inthe TEST EPROM are 12-bits 
wide, it is recommended thatthe customer uses only the 
four lower order bKs(bits a through 3) of each word and 
fills the eight higher order bKswKh"Os·. This guarantees 
that these locations can be read correctly even when the 
code protection logic is activated (see Section 2.6 for 
details). 


The configuration word is the very first memory location 
which is accessed 
after entering the programlverify 


mode olthe PIC16C5X. It contains the two fuses for the 
selection 
of the oscillator type, the watchdog timer 


enable fuse, and the code protection fuse. All other bits 
(4 through 11) are read as "1s" during a verify if the code 
protection fuse is not blown. If the code protection logic 
is activated, all bits 4 through 11 of the configuration 
EPROM are read as "as" (see Section 3.4 for details). 


Note: 
I/O port assignment for programming and testing (the bits marked "X· are read as "1s· if CP = 1 and are 
read as "Os" if CP = 0). 
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RA3 
RA2 
RA1 
RAO 
CP 
WDTE 
on 
OT2 
Function 
Remarks 


1 
X 
X 
X 
Memory Unprotected 
Default 


0 
X 
X 
X 
Memory Protected 
Note 


X 
1 
X 
X 
Watchdog nmer Enabled 
Default 


X 
0 
X 
X 
WatchdogTimer Disabled 
Note 


X 
X 
1 
1 
RCOsciliator 
Default 


X 
X 
1 
0 
HS - High SpeedCrystal 


X 
X 
0 
1 
XT - StandardCrystal 


X 
X 
0 
0 
LP - Low FrequencyCrystal 


Legend: 
1 
o 


X 


Erased(applyHIGHLevelto I/Opin duringprogram). 
Written(blown)(applyLOW Levelto I/Opin duringprogram). 
Don'tcare. 


One- Time-Programmable 
(OTP) devices may have the 
oscillator fuses "OTO" and "OT1" set by the factory and 
are tested 
accordingly. 
The packages 
are marked 


"PIC16C5XHS", 
"PIC16C5XXT", 
'PIC16C5XLP', 
or 


"PIC 16C5XRC". Therefore, it is essential that the inputs 
RAO and RA1 are held at "ls" when programming the 
"WOTE" and/or the "CPobit of the configuration EPROM. 
Otherwise, 
the factory tested and selected oscillator 
configuration could be overwritten and the functionality 
of the device is not guaranteed any more. 


2.7 CodeProtection 


The program code written into the EPROM can be 
protected by blowing the code protection fuse (bit "CP" 
inthe configuration EPROM). Ifthe code protection logic 
is activated, the contents of the program EPROM cannot 
be read out in a way that the program code can be 
reconstructed. 
A location when read out will read as: 
0000 0000 xxxx where xxxx is the XOR of the three 
nibbles. 
In addition, all memory locations starting at 
040h and above are protected against programming. 
It 
is still possible to program locations oooh through 03Fh, 
the TEST EPROM (10 locations), and the configuration 
fuses. 
However, performing a verify (see Section 3.1) 
with activated code protection logic puts a 4-bit wide 
"checksum" out on PORTA while the 8-bits of PORTS 
are read as "Os". This "checksum" is computed in the 
following way: 


The four high order bits of an instruction word are "XOR- 
ed" with the four middle and the four low order bits, and 
the result istransferred to PORTA. All memory locations 
including the configuration 
and TEST EPROM are af- 
fected (see Notes 1 and 2). 


This data scrambling scheme makes it impossible to 
reconstruct the program stored in the EPROM. 
How- 
ever, 
a verify 
generates 
an unique 
sequence 
of 
"checksums" on PORTA which allows a program iden- 
tification for the authorized user. 


The upper-eight bits of the configuration 
EPROM are 
read as "Os"if the code protection bit is blown. Thus, the 
"checksum" will be identical to actual settings of the four 
configuration EPROM fuses. 


A user may want to store an identification code (10) inthe 
TEST EPROM and still to be able to read this code after 
the code protection bit was blown. This is possible if the 
10 code is only four bits long per memory location, is 
located on a nibble boundary of the 12-bit word, and the 
remaining eight bits are all "Os". 


Example: 
The Customer 10 code "01 E2h" should be 
stored in the TEST EPROM locations 200-203 like this: 


200:סס ooסס oo 1101 


201:סס ooסס oo 0001 
202: .סס ooסס oo 1110 


203: 
0000סס oo 0010 


Reading these four memory locations with the code 
protection bit blown would still output on Port A the bit 
sequence 
"1101", 
"0001", 
"1110", 
"0010" 
which 
is 
"01E2h". 


2.L.1 
pROGRAMMING 
LOCATIONS OOOQHTO 
oo3FH AFTER COOE PROTECTION 


In a code protected part, these locations will program but 
will read back scrambled data. 
Therefore to program 
these locations correctly, the programmer 
must pro- 


gram one nibble at a time and verify the result. Remem- 
ber that the scrambled data read out is: 


סס ooסס oo 
xxxx 


where xxxx is the XOR of the three nibbles. 
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Toallowppr\aI)llJty ~~, 
a~lC1eq5X~9Ilfflmll1&r1$~~ 
tot~~ 
~ 
anP 
1~9Pl_~fJllG:wtleq\lQadil'!O 
the hex:file. If lU$eli\formatlonwasl1Olpresentmthehex:~le1henasfrilPI&Waming 
iSsued:Similarly,whlfesavlng 
a hex:file,aIlftlsaal'ldlO 
InIormationmustbe lnduded. FU$$inIOtmallonshOlltdhavethe 
addressofFFFh. 
10locatlon$are mapped 
at addresses described In sectfOrI2.6. 1. An ~ 
to not lf1CIude Ihls information may be provided. 


MlcrQ<lhiJ)T~ 
100.feelS$U'<l(lIIY~.~.j$~ 
forlhe~fIt'l>Ilheiend;~", 


Characteristics 
Symbol 
Mln 
Typ 
Max 
Units 
Conditions 


Supply 
Voltage 
during 
VDOP 
4.75 
5.0 
5.25 
V 
programming 


Supply Current 
(from Voo) 
loop 
25.0 
mA 
Voo = 5.0 V, FOSCl = 5 MHz, 


Supply 
Voltage 
during 
Voov 
Voomin 
Voo max 
Note 1 
verify 


Voltage 
on MCLR to stay in 
VHHl 
Voo 
Voo+ 
7.25 
V 
ProgramNerify 
Modes 


Voltage on MCLR during 
VHH2 
12.5 
13.5 
V 
programming 


Supply current 
from programming 
IHH 
100 
mA 
voltage 
source 


Current 
into MCLR pin during 
IHH2 
10.0 
25.0 
mA 
VHH = 13.5 V, Voo = 6.0 V 
Programming 
(RTCC = 0) 


Input Low Voltage 
VILmc 
Vss 
0.15Voo 
V 
Note 2 


Input High Voltage 
VIHrt 
0.85Voo 
5.0 
Voo 
V 


Note 
1: 
Device 
must 
be verified 
at minimum 
and maxim~cified 
operating 
voltages. 
Note 
2: 
The 
programming 
voltage 
source 
(connected 
to MCLR 
pin) should 
have 
a minimum 
of 5n impedance. 
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Characteristics 
Symbol 
Mln 
Typ 
Max 
Units 
Conditions 
-- 
MCLR Rise Time 
TR 
0.15 
1.0 
5 
its 
Note 
-- 
0.5 
MCLR Fall Time 
TF 
2.0 
5 
ItS 
Note 


Program Mode Setup Time 
Tps 
1.0 
ItS 


Data Access Time 
TACC 
250 
ns 


Data Setup Time 
Too 
1.0 
ItS 


Data Hold Time 
TCH 
1.0 
its 


Output Enable Time 
TOE 
0 
100 
ns 


Output Disable Time 
Toz 
0 
100 
ns 


Programming 
Pulse Width 
Tpw 
10.0 
100 
1000 
ItS 
Standard and TEST EPROM 


Programming 
Pulse Width 
TPWF 
1סס oo 
ItS 
Configuration 
Fuses Only 


Recovery Time 
TIc 
10.0 
its 


Frequency on OSC1 
Fosc 
DC 
5 
MHz 
For Incrementing 
of the PC 
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VHH1M0<2 


TF1t 


MClR 
, 
, 
~Tpw--: 


RTCC 
' 
, 
, 
, 
, 
, 
, 
. 
, 
, 


OSC1 
~ 
~ 
:TACC 
:TACC 
, 
:TACC 
:TACC 
, 
, 
, 


DATA 
, 
, 


(RB7:0. 
RA3:0) 


TC2 
:Toz 
TC2 
:Taz •• 


, 
. 
DATA IN 
DATA OUT 
DATA OUT 
DATA IN 
DATA OUT 
DATA OUT 


(FUSE) 
(FUSE) 
(FUSE) 
(LOCOOOh) 
(LOCOOOh) 
(LOCOOOh) 


PC 
FFFh 
!x 
000h 
~ 
00lh 


(INTERNAL) 
(PC POINTING 
TO FUSE) 
, 
, 


~LR 
~ 
VHHl 


DATA OUT 
I 
(FUSE) 
I 


DATA 
I 


(RB7:0. 


RA3:0) 
Toe-ol 


DATA OUT 
I 
(000h) 
I 


I 


DATA OUT 
I 
(001 h) 
I 
I 


DATA OUT 
I 
(00211) 
I 
I 


DATA OUT 
I 
(003h) 
I 


I 


PC 
F_FFh 
__ 
~X 
000h 
X 
00_1h__ 
~X~__ 002I1 
__ 
~X~__ 
003h 
__ 
~>C 


(INTERNAL) 


4.1 
Checksum 


Read PIC16C5X 
memory and compute 
a checksum 
by 
simply adding up all memory locations from OOOhto the 
maximum 
user 
address 
(e.g., 1FFh for the PIC16C54/ 
C55). 
Checksum 
computation 
should 
not include 
the 
TEST 
EPROM 
and 10 locations. 
The addition 
takes 
place "byte-wide". 
That is, the low byte of a 12- bit wide 
memory 
location 
is added 
to the high byte (with the 
upper four bits always "0"). Any carry bits exceeding 
16- 
bits are neglected. 


The configuration 
fuses must be included 
in the calcula- 
tion using the following 
formal: 


xxxx 
xxxx 
cwoo 


x 
1 if device is not protected 


x 
0 if device is code protected 


c 
Code protection 
bit 


w 
Watchdog 
timer fuse 


o 
Oscillator 
selection 
fuse 


Note that the TEST 
EPROM 
and 10 locations 
must 
not be Included 
In the calculation. 


The value 
of "x" is automatically 
determined 
by the 
PIC 16C5X device depending 
on the code protection 
bit. 


Two "checksum" 
functions 
must be available: 


A. 
Compute 
checksum 
and display only. 


B. 
Compute checksum 
and program into PIC16C5X's 
Customer 
10 locations. 
If the 
checksum 
is, for 
example, 
"1234h", 
the 
10 locations 
have 
to be 
programmed: 


100 = 001h 


101 = 002h 


102 = 003h 


103 = 004h 


Assemblers 
for the PIC 16C5X can produce 
PIC16C5X 
object files in various formats. 
A PIC16C5X 
program- 
mer must be able to accept and send data in at least one 
offollowing 
formats. 
The 8·bit merged (INHX8M) format 
is preferred. 


5.1 
8·Blt Split lotellec Hex Format lINHX8Sl 


This format will be output by the assembler 
iflhe INHX8S 
option is used with the LIST F directive 
or with the l' 
option on the command 
line. 


This format 
produces 
two 8-bit Hex files. 
One file will 
contain the address/data 
pairs for the high order 8-bits 
and the other file will contain 
the low order 8-bits. 
File 
extensions 
for the object code will be' .obl' and' .obh' for 
low and high order files respectively. 


Example: 


<filename>. 
OBL: 


:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 


:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 


:1000190000284068A8E8C82868A989EA28086ABFAA 


:10002900EOE82868BFE8C8080808034303E8E8FFDO 


:03003900FFFF19AO 


:סס oo0001 FF 


Example: 


<filename>. 
OBH: 


:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 


:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 


:1000190ס oס ooooooo00סס oo1 
01 01 010102020202CA 


:100029000202030303030304040404050607070883 


:0300390008080AAA 


:סס oo0001 FF 


5.2 
8·Blt Merged lotellec Hex Format 
(INHX8Ml 


Thisformat 
will be output by the assembler 
if the INHX8M 
option is used with the LIST F directive 
or with the 'f' 
option on the command 
line. 


This format produces 
one 8-bit Hex file with a low byte! 
high byte combination. 
Since 
each address 
can only 
contain 8 bits inthisformat, 
all addresses 
will bedoubled. 


File extensions 
forthe 
object code will be '.obi'. 


This format 
is useful for transferring 
PIC16C5X 
series 
object code to third party EPROM 
programmers. 
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Example: 


:0400100000000000EC 


:1000000000000000000000000000000000000000FO 


:0400100000000000EC 


:100032000000280040006800A800E800c80028016D 


:100042006801A9018901EA01280208026A02BF02C5 


:10005200EOO2E80228036803BF03E803C8030804B8 


:1000620008040804030443050306E807E807FF0839 


:06007200FF08FF08190A57 


:000סס oo1 FF 


5.3 16-Blt Hex Format 


This format will be output by the assembler ifthe INHX16 
option is used with the "LIST F" directive or with the or 
option on the command line. 


This format produces one 16-bit Hex file. File eX1ension 
for the object code will be '.obi'. 


This format is particularly useful to send PIC16C5X 
Series object code to Microchip's proprietary PICPROTM 
EPROM programmer. 


Example: 


:020008ooooooo000F6 


:08000000000000000000000000000oooo0000000F8 


:0200080000000000F6 


:08001900000000280040006800A800E800C801288E 


:08002100016801A9018901EA02280208026A02BFEE 


:0800290002EOO2E80328036803BF03E803C80408E9 


:080031000408040804030543060307E807E808FF72 


:0300390008FF08FFOA1993 


:000סס oo1 FF 


Each data record begins with a nine character prefix and 
ends with a two character checksum. Each record has 
the following format: 


:BBAAAATTHHHH ....HHHCC 


Where: 


BB 
Two-digit hexadecimal by1ecount representing 
the number of data words that will appear on the 
line. 


AAAA 
Four-digit 
hexadecimal 
address representing 
the starting address for the data record. 


TT 
Two-digit record type that will always be '00' 
except for the end-of-file record which is set to 
'01'. 


HH 
Two-digit hexadecimal data word. 


CC 
Two-digit 
hexadecimal 
checksum 
that is the 
two's compliment of the sum of all preceding 
by1es in the record including the prefix. 


5.5 
16·Blt Word Format 


The 16-bit word format is basically the same as the 8-bit 
word format. The only difference is that the hexadecimal 
data word is eX1endedto four digits. 


:BBAAAA TTHHHHHHHH ....HHHHCC 


Where: 


BB 
Two-digit hexadecimal by1ecount representing 
the number of data words that will appear on the 
line. MPALC is limiting "BB" to "08" (Hex) to be 
compatible with PICPRO. 


AAAA 
Four-digit hexadecimal 
address representing 
the starting address for the data record. 


TT 
Two-digit record type that will always be "00" 
except for the end-of-file record which is set to 
"01 
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HHHH 
Four-digit 
hexadecimal 
data word. 
For the 
PIC16C5X, the first Hex digit is always "0". 


cc 
Two-digit 
hexadecimal 
checksum 
that is the 
two's compliment of the sum of all preceding 
by1esinthe record including the prefix. Note that 
the four digit data word is treated as two by1es. 


The format of each record (line) in the file is as follows: 


{3,F}<count><symbol><value><marking> ...<checksum> 


Where: 


The first digit is always '3' except for the last line 
which is 'P. <count> is the number of symbols in 
the record (one digit). 


<symbol> is the name of the symbol (six digits). 


<value> is the hexadecimal value of the symbol 
(three digits). <marking> is a one character mark- 
ing based on the symbols use: 


F = file 


K = literal 


L= label 


B = bit 


U = unused 


<checksum> is the hexadecimal checksum 
(three 
digits). 


• 


PIC16C5X Programming Specification 


MICROCHIP 
PIC16C6xnx 


The PIC16C6X17X can be programmed using one of two 
methods,serialor parallel. Inserial modethe PIC16C6X17X 
can be programmed while in the users system. 
This 
allows for increased design flexability. 
The parallel 
mode will provide faster programming as the data is 
loaded into the PIC16C6X17X with a greater throughput. 
Either mode may be selected at the start of the program- 
ming process. 


Hardware Requirements 


The PIC16C6X17X requires two programmable power 
supplies, one for VDD(2.0V to 6.5V recommended) and 
one for VPP(12V to 14V). Both supplies should have a 
minimum resolution of O.25V. 


Programming Mode 


The programming mode for the PIC16C6X17X allows 
programming of user program memory, special loca- 
tions used for 10(PIC16C71 only), and the configuration 
fuses for the PIC16C6X17X. 


1.1 User Program Memory Map 


The user memory space extends from OOOOhto 1FFFh 
(8K). 
Table 1-2 shows actual implementation of pro- 
gram memory in the PIC16C6X17X family. 


TABLE 1-2: IMPLEMENTATION OF 
PROGRAM MEMORY IN THE 
PIC16C6xnX FAMILY 


Device 
Actual Implementation 
Access to 
of Program Memory 
Program Memory 


16C64 
0000h - 07FFh (2K) 
PC<10:0> 


16C71 
OOOOh- 03FFh (1K) 
PC<9:0> 


When the PC reaches the last location of the imple- 
mented program memory, it will wrap around and ad- 
dress a location 
within the physically 
implemented 
memory (see Figure 1-1). 


In programming mode the program memory space ex- 
tends from OOOOhto 3FFFh, with the first half (OOOOh- 
1FFFh) being user program memory and the second 
half (2000h-3FFFh) being configuration memory. 
The 
PC will increment from OOOOhto 1FFFh to 2000h to 
3FFFh and wrap around to 2000h (not to OOOOh).Once 
in configuration memory, the highest bit of the PC stays 
a '1', thus always pointing to the configuration memory. 
• 
The only way to pointto user program memory is to reset 
the part and reenter programlverify mode (TM001), 
as 
described in Section 1.2. 


In the configuration 
memory space, 2000h-207Fh 
or 
2000h-20FFh 
are 
utilized. 
When 
in configuration 
memory, as in the user memory, 
the 2000h-2xFFh 
segment is repeatedly accessed as PC exceeds 2xFFh 
(see Figure 1-1). 


FIGURE A - PIN CONFIGURATION 


MCLRlVpp- 
RAO_ 
RAl_ 
RA2_ 
RA3- 
RA4ITOCKI- 
RAs/SS- 
REO/RO_ 
REliWR_ 
RE2ICS_ 
voo_ 
vss_ 
OSC1ICLKIN 
_ 
SC2ICLKOUT 
_ 
RCOIT1CKI_ 
RClfflCKO_ 
RC2ICCP1_ 
RC3ISCKlSCL_ 
RDOIPSPO_ 
RD1IPSP1_ 


RA2lAIN2 
RA3lAIN3IVREF 
RA4IRTCC 
MCLRNpp 
Vss 


RBOIINT 
RB1 
RB2 
RB3 


-RB7 
-RB6 
-RB5 
-RB4 
-RB3 
-RB2 
-RBl 
-RBOIlNT 
-voo 
-vss 
-RD7IPSP7 
-RD6IPSP6 
_RD5.lPSP5 
-RD4IMP4 
-RC7 
-RC6 
-RC5ISOO 
- 
RC4ISDIISDA 
-RD3IPSP3 
-RD2IPSP2 


18 
RA1/AIN1 
17 
RAOIAINO 
16 
OSC1/CLKIN 
15 
OSC2ICLKOUT 
14 
Voo 
13 
RB7 
12 
RB6 
11 
RBS 
10 
RB4 


~[1'®OD!Ji1i)DIJ11®[1'W 
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2000 


2001 
In PIC16C71 
Only 
2002 


2003 


2004 


2005 


2006 


2007 


0 
10 Location 
Implemented 
Implemented 


3FF 


10 Location 
400 
Implemented 
Accesses 
0 - 3FF 
7FF 


10 Location 
800 
Accesses 
0 - 3FF 
Accesses 
0 - 3FF 
BFF 


10 Location 
COO 
Accesses 
400 - 7FFh 
Accesses 
0 - 3FF 
FFF 


Reserved 
1000 
Accesses 
0 - 3FF 
Accesses 
0 - 3FF 
13FF 


Reserved 
1400 
Accesses 
400 - 7FF 
Accesses 
0 - 3FF 
17FF 


Reserved 
1800 
Accesses 
0 - 3FF 
Accesses 
0 - 3FF 
1BFF 


Fuses 
1COO 
Accesses 
400 - 7FFh 
Accesses 
0 - 3FF 
1FFF 
2000 
Implemented 
207F 
- - - Implemented· 
- - - 


Non-implemented 
20FF 
2100 
Non-implemented 
Non-implemented 
23FF 
2400 
Non-implemented 
Accesses 
2000 - 23FF 
27FF 
2800 
Accesses 
2000 - 23FF 
Accesses 
2000 - 23FF 
2BFF 


2COO 
Accesses 
2400 - 27FF 
Accesses 
2000 - 23FF 
2FFF 
3000 
Accesses 
2000 - 23FF 
Accesses 
2000 - 23FF 
33FF 


3400 
Accesses 
2400 - 27FF 
Accesses 
2000 - 23FF 
37FF 
3800 
Accesses 2000 - 23FF 
Accesses 
2000 - 23FF 
3BFF 
3COO 
Accesses 
2400 - 27FF 
Accesses 
2000 - 23FF 
3FFF 


~U'@~ 0 [ITfiJo UilIIDU'W 
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PIC16C6xnX 
Programming Specification 


1.2 ProgramNerify Mode 


The program/verify mode is entered by holding pins RB6 
and RB? low while raising MCLR pin from Vii to ViHH 
(high voltage). 
Once in this mode the user program 
memory and the configuration memory can be accessed 
and programmed in either a serial or parallel fashion. 
The initial mode of operation is serial, and the memory 
that is accessed is the user program memory. RB6 is a 
Schmitt trigger input in this mode. 


The sequence that enters the device into the program- 
minglverify mode places all other logic into the reset 
state (the MCLR pin was initially at VIL). This means that 
all 1/0 are in the reset state (High impedance inputs). 


1.2.1 SERIAL PROGRAMIVERIFY OPERATION 


The ROOpin is used as a clock input pin, and the RB? pin 
is used for entering command bits and data inpuVoutput 
during serial operation. To input a command, the clock 
pin (RB6) is cycled six times. 
Each command bit is 
latched on the falling edge of the clock with the least 
significant bit (Isb) of the command being input first. The 
data on pin RB? is required to have a minimum setup and 
hold time (see AC/DC 
specs) with respect to the falling 
edge of the clock. Commands that have data associated 
with them (read and load) are specified 
to have a 
minimum delay of us between the command and the 


data. Afterthis delay the clock pin is cycled 16times with 
the first cycle being a start bit and the last cycle being a 
stop bit. Data is also input and output Isbfirst. Therefore, 
during a read operation the Isb will be transmitted onto 
pin RB? on the rising edge of the second cycle, and 
during a load operation the Isb will be latched on the 
falling edge of the second cycle. A minimum us delay is 
also specified between consecutive commands. 


All commands are transmitted Isb first. Data words are 
also transmitted Isb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, 
a time separation of at least 1us is 
required between a command 
and a data word (or 


another command). 


The commands that are available are: 
3 


1.2.1.1 Load Configuration 


After receiving this command, the program counter (PC) 
will be sello 2000 hex. By then applying 16 cycles to the 
clock pin, the chip will load 14-bits in as the "data word", 
as described above, to be programmed into the configu- 
ration memory. 
A description of the memory mapping 
schemes for normal operation and configuration mode 
operation is shown in Figure 1-1. After the configuration 
memory is entered, the only way to get back to the user 
program memory is to exit the programlverify test mode 
by taking MCLR low (Vii). 


Command 
Mapping 
(msb ... Isb) 
Data 


Load Configuration 
0 
0 
0 
0 
0 
0 
0, data(14), 0 
Load Data 
0 
0 
0 
0 
1 
0 
0, data(14), 0 
Read Data 
0 
0 
0 
1 
0 
0 
0, data(14), 0 
Increment Address 
0 
0 
0 
1 
1 
0 
Begin programming 
0 
0 
1 
0 
0 
0 
Enter Parallel Mode 
0 
0 
1 
0 
1 
0 
End Programming 
0 
0 
1 
1 
1 
0 
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PIC16C6xnX 
Programmi"g..§p_ec_i_fi_ca_t_io_" 
_ 


• 
Voop 
Voomin. 
Voomax. 


Voo range for programming 
(typically 4.75V - 5.25V) 
Minimum Voo for device operation 
Maximum Voo for device operation. 
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PIC16C6xnx 
Programming Specification 


Apply3N 
Program Cycles 


Set Voo = Voo min. 


Read Data Command 


Set Vpp = VIHH2 
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PIC16C6xnx ,PronfPlm.m.inn 
scribed previously. 
A timing diagram for the load data 
command is shown in Figure 1-4. 


C::no"ifi"!:Itinn, 
.- ,r 
- -_ .._-, _.•_. 


the 16th rising edge. A timing diagram of this command 
is shown in Figure 1-5. 


1.2.1.3 Read Data 


After receiving this command, the chip will transmit data 
bits out of the memory currently accessed starting with 


1.2.1.4 Increment Address 


The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 1-6. 


Vlt*i-~------------------------------------ 


MCLR~ 


tsetO --: 
:: 
thktO, 
,'- 
(CL&~) 
':: 


" 
, 


AS7 
::: 


(DATA) 
" 
: ~: 


Reset 
•. : 


15' 
16 
..... 
JLJL 


i 
1i 


tsen--: 
:-: 
+-: 
~thldl 


llXJn~ 
o 
o 
0 


:. 1dIy1: 
!set1~ 


;11JSmin.: 
: 
:'-:-thldl 
~ 
llXJns 
min. 


15 
16 
..... 
JLJL 
::::::x:=:>.-- 


tsetl ...•.....•' 


i 
Hlh1d1 


lOOns 
min. 


, 
Idlyl 
: 
..----, 
:l~smln.: 


RB7 


AS7 = output 
.: • input 


--::J 
MCLR 
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PIC16C6xnX 
Programming Specification 


1.2.1.5 Begin PrQgramming 


A IQadcQmmand (IQadcQnfiguratiQnQrIQaddata) must 
be given befQre every begin programming cQmmand. 
PrQgramming Qfthe apprQpriate memQry (test prQgram 
memQry Qr user prQgram memQry) will begin after this 
cQmmand is received and decQded. 
PrQgramming 
shQuld be perfQrmed with a series Qf 1OO~ program- 
ming pulses. 
A prQgramming pulse is defined as the 


time between the begin prQgramming cQmmand and the 
end programming cQmmand. 


1.2.1.6 Enter Parallel MQde 


After receiving this cQmmand, the chip will accept com- 
mands and supply data in a parallel fashiQn. 
After 
parallel mode has been entered, serial QperatiQn can 
Qnly be achieved 
by fully exiting the program/verify 
mode and re-entering. 
See Figure 1-8 fQr details. 


1.2.1.7 End PrQgramming 


After receiving this cQmmand, the chip stQPSprQgram- 
ming the memQry (cQnfiguratiQn program memQry Qr 
user prQgram memQry) that it was programming at the 
time. 


1.2.2 
PARALLEL OPERATING 


After receiving the cQmmand 'Enter Parallel Mode', the 
circuitry will functiQn in a parallel fashiQn. The functiQn 
Qfpins RB6 and RB7 change during parallel QperatiQn, 
and it is alsQ necessary tQcQntrQIseveral mQre pins tQ 
achieve the desired results. Since the memQries in this 
device are 14 bits wide and there are Qnly 12 I/O pins, it 
is necessary tQtransfer data intQ and out Qfthe chip in 
twQ data wQrds. These high and low data wQrds are 
selected based upon the value of pin RB6 (RB6 = '1': 
high data wQrd). In parallel mode, both the high and IQW 
segments Qfdata inpuVQutput are 1O-bitwide, making it 
possible to handle up to 20-bit data words. The need fQr 
20-bitcapability is becausefutureversiQnsQfPIC16C6X17X 
may need tQread/program data wQrds larger than 14-bit. 


FQreach 1Q-bit data-segment (high Qr IQw),RBO is the 
Isb and RA3 is the msb. In PIC16C6Xf7X, the IQwer 14 
bits Qfthe tQtal 20-bit wQrd is actually used. The upper 
six bits are don't care (see Figure 1-7). The pin RB7 alsQ 
has a new functiQn in parallel QperatiQn and that is to 
indicate whether a cQmmand is being input Qr data is 
being transferred (RB7 = '1' - data transfer). CQmmands 
are input Qn pins RB<3:1> with the Isb applied tQ pin 
RB1. The clock pin during parallel QperatiQn is the RT 
pin. 
Data is again transmitted Qn the rising edge and 


latched Qn the falling edge Qf the clock. 
A minimum 
setup and hQld time Qf 100ns with respect tQthe falling 
edge Qf the clock is again required. 
When entering a 
cQmmand RB7 must be held IQWfQra minimum Qf100ns 
after the falling edge Qfthe clock. 
The commands which are available during parallel op- 
eratiQn are shown in Table 1-3. 


A very important point to note in ·parallel programlverify· 
operation is the function of the DATA/COMMAND pin 
(RB7). 
RB7 = 0 during RT pin pulsing indicates a 


command input, whereas RB7 = 1indicates a data input. 
After every command, the RB7 pin must go high (for 
>1DOns)to initiate execution of that command. 
This is 
necessary even if back to back commands are being 
executed without any data word in between. 


TABLE 1-3: COMMAND MAPPING 
(PARALLEL OPERATION) 


Command 
Mapping 
Data 
IRB<3:1>1 
LQad Configuration 
000 
Yes 
Load Data 
001 
Yes 
Read Data 
010 
Yes 
Increment Address 
01 1 
No 
Begin PrQgramming 
100 
NQ 
Enter PrQgram-CQmpare MQde 
1 1 0 
NQ 
End PrQgramming 
1 1 1 
NQ 


1.2.2.1 LQad CQnfiguratiQn 
After receiving this cQmmand, the program CQunter(PC) 
will be set tQ 2000h pointing tQ the first locatiQn in the 
configuration memQry. By then setting pin RB7 high and 
pin RB6 high, the upper 4 bits of the cQmplete data word 
will be latched in Qnthe falling edge Qfthe RT pin. Setting 
pin RB61QWallows the IQwer1Q-bitstQbe latched in, and 
then the entire data wQrd can be prQgrammed intQ the 
configuratiQn memQry. 


NQte:The data ffil.!.S1 be IQaded high byte first and then 


IQWbyte. 


A description 
Qf the memQry mapping schemes fQr 


nQrmal QperatiQn and prQgramming mode QperatiQn is 
shQwn in Figure 1-1. After the cQnfiguratiQn memQry is 
entered, the Qnly way tQ get back to the user prQgram 
memQry is by exiting the programlverify mQde. 


1.2.2.2 LQad Data 


After receiving this cQmmand, the RB7 pin is set high, 
and the data can then be latched intQthe chip. A timing 
diagram fQrthe load data cQmmand is shQwn in Figure 
1-8. 


1.2.2.3 Read Data 


After receiving this cQmmand, the chip will transmit data 
bits Qutof the memQry currently accessed on the secQnd 
rising edge Qfthe clock input after pin RB7 has been set 
high. When the clock is taken high fQrthe secQnd time 
after RB7 is set high, the clock must remain high until all 
Qf the data has been read QUt. The high Qr IQWdata 
words can be accessed while the clock is high by setting 
RB6 high Qr IQw,respectively. 
The pins RA<3:0>, and 
RB<5:0> gQinto Qutput mode Qnthe secQnd rising clock 
edge, and they will revert back tQ input mQde (hi- 
impedence) when the clQck is set IQw. A timing diagram 
Qfthis cQmmand is shQwn in Figure 1-9. 
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1.2.2.4 Increment Address 


The PC is incremented when this command is received. 


1.2.2.5 Begin Programming 


A load command (load configuration or load data) must 
be given before every begin programming command. 
Programming of the appropriate memory (configuration 
memory or user program memory) will begin after this 
command is received and decoded. The programming 
pulse is defined by RB7, and RB7 must remain high for 
the duration of the programming pulse time. 


1.2.2.6 Enter Program-Compare Mode 


After receiving this command, the data that has been 
latched into the shift register by a load command can be 
altematively 
programmed 
into the memory and com- 
pared to the contents of the memory location currently 
accessed by pulsing the RT pin high. When inthis mode, 


the RT pin ceases to act as a clock. A single bit compare 
output is provided to indicate whether the data has been 
successfully programmed 
into the memory ('1' - suc- 


cessful), and this value is output on pin OSC2. 
The 


comparison bit is transmitted 
on the rising edge and 


latched on the falling edge of every other RT pulse 
starting with the second RT pulse. In order to exit this 
mode, it is necessary to pulse the OSC1 pin high, and 
this also increments the program counter. It is required 
to have a 1us delay time before another command is 
entered to allow the high voltages time to decay. 
A 


timing diagram of this command is shown in Figure 1-10. 


1.2.2.7 End Programming 


After receiving this command, the chip stops program- 
ming the memory (test program memory or user pro- 
gram memory) that it was programming at the time. It is 
required to have a 1us delay time before another com- 
mand is entered to allow the high voltages time to decay. 
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ACIDC CHARACTERISTICS, 
Standard Operating Conditions 


POWER SUPPLY PINS 
Operating temperature 
+10·C ~ TA ~ +40·C, unless otherwise stated 
Operating voltage 
4.5V ~ Voo ~ 5.5V, unless otherwise stated 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 


General 
Supply voltage during programming 
Voop 
4.?5 
5.0 
5.25 
V 
Supply voltage during verify 
Voov 
voo min. 
Voomax. 
V 
Note 1 
Supply current (from Voo) 
loop 
20 
mA 
during programming 
Programming supply current (from Vpp) 
Ipp 
50 
mA 
Voltage on MCLR during programming 
VIHH 
12.5 
13.5 
V 
Voltaae on MCLR durina veritv 
VIHH2 
Voo +4.0 
13.5 
MCLR rise time (Vss to VHH) 
tvHHR 
1.0 
IJS 
for test mode entry 
(ROO,RS?) input high level 
VIHl 
0.8 Voo 
V 
Schmitt trigger input 


(ROO,RS?) input low level 
VILl 
0.2 Voo 
V 
Schmitt triaaer inout 


RS<?:2> setup time before MCLRi 
tsetO 
100 
ns 
(test mode selection oattern setup time) 
RS<?:2> hold time after MCLRi 
thldO 
2 
IJS 
(test mode selection pattem hold time) 


serial ProgramlVerlfy 
Data in setup time before clock.!. 
tsetl 
100 
ns 
Data in hold time after clock.!- 
thldl 
100 
ns 
Data input not driven to next clock input 
tdlyl 
1.0 
IJS 
(delay required between command/data or 
command/command) 
Delay between clock-l- to clockT of next 
tdly2 
1.0 
IJS 
command or data 
Clocki to date out valid (during read data) 
tdly3 
80 
ns 


Parallel ProaramlVerifv 
Data in setup time before clock.!. 
tset3 
100 
ns 
Data in hold time after clock.!. 
thld3 
100 
ns 
RS6 and RS? setup time before clock.!. 
tset1 
500 
ns 
RS6 and RS? hold time after clock.!. 
thld1 
500 
ns 
RT (clock).!. to RT (clock)i 
tdly4 
1.0 
IJS 
RS? (data/command select input) 
tset2 
500 
ns 
setup before RT (clock)i 
RS? (data/command select input) 
thld2 
500 
ns 
hold time after RT (clock).!. 
RT (c1ock)i to data out valid 
tdly5 
100 
ns 
RS6 (hi/lo select) valid to data out valid 
tdly6 
100 
ns 
Programming pulse width Time delay from 
tprog 
1.0 
100 
1000 
IJS 
program to compare (HV discharge time) 
tdis 
0.5 
IJS 
Rn 
to OSC2 out (compare output) valid 
tdly? 
100 
ns 


Note 1: Program must be verified at the minimum and maximum Voo limits for the part. 
Note 2: VIHHmust be greater than Voo + 4.5V to stay in programming/verify 
mode. 
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The PIC16C6X17X hassevenc~M;;~a1I~G~,Ynfc1.V 
Drn,..r~ rn rn inn ~n~~ifi~=:Ition 
are EPROM bits. 
These fuses can be programmed 
(reads '0') or left unprogrammed 
(reads '1') to select 
various device configurations. 


To allow portability of code. the programmer is requil'edto readthefuseand 
IDlocationsfrom 
the helCfilewhen loading 


ltlehex flIe. If fuse information wasl')Ot present in the hex file then aslmple warning message 
lTlay be issued. 
Slmllal'ly. 
whlifJ saviOg a hex file. all fuse an4;!D lr)formatiotl m~t 
be incluc:ki¥J. AA9Ptioil to notiPclU<fe this!!lfonn~1On may 


be provided. 


Microchip 
Technology 
Inc. feels strongly 
that this feature 
is important 
for the benefit 
of the end customer • 


OSC selection fuses: 


FOSC1. FOSCO: 


00: LP oscillator 


01 : XT oscillator 


10: HS oscillator 


11 : RC oscillator 


WOT enable fuses: 


WOTE = 1: WOT enabled 


WOTE = 0: WOT disabled 


Power-up timer enable fuse: 


PWRTE = 1 power-up time enabled 


PWRTE = 0 
power-up timer disabled 


Device 
CP1 CPO 
CodeProtection 


PIC16C6X17X0 
0 
Allmemoryprotected 


0 
1 
Upper3/4memoryprotected 


1 
0 
Upper1/2memoryprotected 


1 
1 
Off 


PIC16C71 
1 
0 
On 


only 
1 
1 
Off 


Reserved - write as '1' for PIC16C71. 
- write as '0' for PIC16C6X17X. 


Unimplemented. 
Read as '1's . 
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2.2 
Code Protection 


. The code in the program memory can be protected by 
blowing the code protect fuse (CP). 


When code protected, the contents 
of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 
In addition, all memory 


locations starting at 0040h and above are protected 
against programming. 


In the PIC16C71 it is still possible to program locations 
סס oo - oo3F, the ID locations and the configuration 
fuses. 


2.2.1 PROGRAMMING LOCATIONS OQQQHTO 
oo3FH AFTER CODE PROTECTION 


These locations can be programmed but will read back 
scrambled data. To successfully program these loca- 
tions the programmer must program the high and low 7- 
bits separately: 


1. First program 11 1111 1bbb bbbb into the location 
and verify for 00סס oo Obbb bbbb. 


2. 
Next program bb bbbb b111 1111 into the location 
and verify for 00סס oo Oxxx XXXX, where xxxxxxx is 
XNOR of the high 7 bits and the low 7 bits. 


2.2.2 
VERIFYING A CODE-PROTECTED 
PIC16C6X17X 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOxxxxxxx'(binary) where X is 1 or O. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 
protecting it. 


b. Next, blow its code protection fuse and then load its 
contents in a file. 


c. Verify any code-protected PIC16C6X17X against this 
file. 


2.3 
10 Locations (PIC16C71 Only): 


Four memory locations (2000h - 2oo3h) are designated 
as ID locations where the user can store checksum or 
other code - identification numbers. These locations are 
not accessible during normal execution but are readable 
and writable during programlverify. 


It is recommended that the user use only the lower 7-bits 
of the ID locations and always program the upper 7-bits 
as'1's. 


3.0 
PROGRAMMING 
ALGORITHM 
REQUIRES VARIABLE Voo 


The PIC16C6X17X uses an intelligent algorithm. 
The 
algorithm calls for program verification at Voo (min.) as 
well as Voo (max.). Verification at Voo (min.) guaran- 
tees good 'erase margin'. 
Verification at Voo (max) 
guarantees good 'program margin'. 


The actual programming must be done with Voo in the 
VooP range (4.75 - 5.25V). 


VooP 
= Vcc range required during programming. 
Voo min. = minimum operating Voo spec for the part. 
Voo max. = maximum operating Voo spec for the part. 


Programmers must verify the PIC16C6X17X at its speci- 
fied Voo max. and Voo min. levels. Since Microchip may 
introduce future versions of the PIC16C6X17X with a 
broader Voo range, it is best that these levels are user 
selectable 
(defaults are ok). 
Any 
programmer 
not 
meeting these requirements 
may only be classified 
as "prototype" 
or "development" 
programmer 
but 
not a "production" 
quality 
programmer. 
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PIC16C84 EEPROM Memory Programming Specification 


The PIC16C84 is programmed using one of two meth- 
ods, serial or parallel. 
The serial mode will allow the 
PIC16C84 to be programmed while inthe users system. 
This allows for increased design flexability. The parallel 
mode will provide faster programming as the data is 
loaded into the PIC16C84 with a greater throughput. 
Either mode may be selected at the start of the program- 
ming process. 


Hardware Requirements 


The PIC16C84 requires two programmable power sup- 
plies, one for Voo (4.5V to 5.5V) and one for VPP(12V to 
14V). Both supplies should have a minimum resolution 
ofO.25V. 


Programming Mode 


The programming mode for the PIC16C84 allows pro- 
gramming 
of user program 
memory, data memory, 


special locations used for 10,and the configuration fuses 
for the PIC16C84. 


1.0 
PROGRAM 
MODE ENTRY 


TABLE 1.0 - TEST MODE SELECTION 


RB7 RB6 RB5 RB4 
Mode 
Function 


0 
0 
X 
X 
TMOD1 
Programlverify 


1.1 User Program Memory Map 


The user memory space extends from OOOOhto 1FFFh 
(8K), of which 1K (OOOOh- 03FFh) is physically imple- 
mented. 
In actual implementation 
the on-chip 
user 
program memory is accessed by the lower 1O-bitsof the 
PC, with the upper 3-bits of the PC ignored. Therefore 
if the PC is greater than 3FFh, it will wrap around and 
address a location within the physically implemented 
memory. 
(See Figure 1.1.1). 


In programming mode the program memory space ex- 
tends from OOOOhto 3FFFh, with the first half (OOOOh- 
1FFFh) being user program memory and the second 
half (2000h-3FFFh) being configuration memory. 
The 
PC will increment from OOOOhto 1FFFh to 2000h to 
3FFFh and wrap around to 2000h (not to OOOOh).Once 
in configuration memory, the highest bit of the PC stays 
a '1', thus always pointing to the configuration memory. 
The only way to point to user program memory is to reset 
the part and reenter program/verify mode (TMOD1) as 
described in Section 1.2. 


.•.•. 
RA2 


.•.•. 
RA3 


.•.•. 
RA4ITOCKI 


-- 
MCLR 


-- 
vss 


.•.•. 
RBOIlNT 


.•.•. 
RBl 


.•.•. 
RB2 


.•.•. 
RB3 


RA1 
.•.•. 


RAO 
.•.•. 


OSC1/CLKIN 
-- 


OSC2ICLKOUT 
-- 
voo 
- 
RB? 
.•.•. 


RB6 
.•.•. 


RBS 
.•.•. 


RB4 
.•.•. 


In the configuration memory space, 2000h-200Fh are 
physically implemented. 
Locations beyond 200Fh will 
physically access user memory. 
(See figure 1.1.1). 


1.2 TMOD1: ProgramNerify Mode 


The program/verify mode is entered by holding pins RB6 
and RB7 low while raising MCLR pin from Vii to ViHH 
(high voltage). RB5 and RB4 pins are don't care. Once 
in this mode the user program memory and the configu- 
ration memory can be accessed and programmed in 
either a serial or parallel fashion. 
The initial mode of 


operation is serial, and the memory that is accessed is 
the user program memory. 
RB6 and RB7 are schmitt 
trigger inputs in this mode. 
The sequence that enters the device into the program- 
minglverify mode places all other logic into the reset 
state (the MCLR pin was initially at VIL). This means that 
all 1/0 are in the reset state (High impedance inputs). 


1.2.1 SERIAL PROGRAMIVERIFY 
OPERATION 


The ROOpin is used as a clock input pin, and the RS7 pin 
is used for entering command bits and data inpuVoutput 
during serial operation. To input a command, the clock 
pin (RB6) is cycled six times. 
Each command bit is 
latched on the falling edge of the clock with the least 
significant bit (Isb) of the command being input first. The 
data on pin RB7 is required to have a minimum setup and 
hold time (see AC/DC 
specifications) with respect to the 
falling edge of the clock. 
Commands that have data 
associated with them (read and load) are specified to 
have a minimum delay of us between the command and 
the data. After this delay, the clock pin is cycled 16times 
with the first cycle being a start bit and the last cycle 
being a stop bit. Data is also input and output Isb first. 
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0 


Implemented 


3FF 
400 
accesses 0 -3FF 
7FF 
800 
accesses 0 -3FF 
BFF 
COO 
accesses 0 -3FF 
FFF 


1000 
accesses 0 -3FF 
13FF 


1400 
accesses 0 -3FF 
17FF 


1800 
accesses 0 -3FF 
1BFF 
1COO 
accesses 0 -3FF 
1FFF 
2000 
implemented 
200F 


2010 
2000 
10 Location 
accesses 
10-3FF 
23FF 


2400 
2001 
10 Location 
accesses 0 - 3FF 
27FF 
2800 
2002 
10 Location 
accesses 
0 - 3FF 
2BFF 


2COO 
2003 
10 Location 
accesses 
0 - 3FF 
2FFF 
3000 
accesses 
0 - 3FF 
2004 
Reserved 
33FF 


2005 
3400 
accesses 0 - 3FF 
Reserved 
37FF 
3800 
2006 
Reserved 
accesses 
0 - 3FF 
3BFF 
3COO 
2007 
Fuses 
accesses 
0 - 3FF 


3FFF 


Command 
Mapping (msb ... Isb) 
Data 


Load 
Configuration 
0 
0 
0 
0 
0 
0 
0, data (14), 0 
Load 
Data for Program 
Memory 
0 
0 
0 
0 
1 
0 
0, data (14), 0 
Read 
Data 
from 
Program 
Memory 
0 
0 
0 
1 
0 
0 
0, data (14), 0 
Increment 
Address 
0 
0 
0 
1 
1 
0 
Begin 
Programming 
(Note 
1) 
0 
0 
1 
0 
0 
0 
Enter 
Parallel 
Mode 
0 
0 
1 
0 
1 
0 
, 


Load 
Data for Data 
Memory 
0 
0 
0 
0 
1 
1 
0, data (14), 0 


Read 
Data from 
Data 
Memory 
0 
0 
0 
1 
0 
1 
0, data (14), 0 
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• VoOP 
= Voo rangelor programming(typically4.5V- 5.5V) 
Voo min. 
= MinimumVoolor deviceoperation. 
Voo max. = MaximumVoo lor deviceoperation. 


Therefore, during a read operation the Isb will be trans- 
mitted onto pin RB7 on the rising edge of the second 
cycle, and during a load operation the Isb will be latched 
on the falling edge of the second cycle. A minimum 1us 
delay is also specified between consecutive commands. 


All commands are transmitted Isb first. Data words are 
also transmitted Isb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, 
a time separation of at least us is 


required between a command 
and a data word (or 


another command). 


The commands that are available are: 


1.2.1,1 Load Configuration 


After receiving this command, the program counter (PC) 
will be set to 2000 hex. By then applying 16 cycles to the 
clock pin, the chip will load 14-bits in as the "data word", 
as described above, to be programmed into the configu- 
ration memory. 
A description of the memory mapping 
schemes of the program memory for normal operation 
and configuration mode operation is shown in figure 1.0. 
After the configuration memory is entered, the only way 
to get back to the user program memory is to exit the 
programlverify test mode by taking MCLR low (Vii). 


1.2.1,2 Load Data for Program Memory 


After receiving this command, the chip will load in 14-bits 
as a "data word" when 16 cycles are applied, as de- 
scribed previously. 
A timing diagram for the load data 
command is shown in Figure 1.2.1.3. 
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1.2.1 3 Load Data for Data Memory 


After receiving this command, the chip will load in 14-bits 
as a 'data word' when 16 cycles are applied. However, 
the data memory is only 8-bits wide, and thus only the 
first 8-bits of data after the start bit will be programmed 
into the data memory. 
It is still necessary to cycle the 


clock the full 16 cycles in order to allow the intemal 
circuitry to reset properly. The data memory contains 64 
words. Only the lower 8-bits of the PC are decoded by 
the data memory, and therefore if the PC is greater than 
3Fh, it will wrap around and address a location within the 
physically implemented memory. 


1.2.1,4 Read Data from Program Memory 


After receiving this command, the chip will transmit data 
bits out of the program memory (user or configuration) 
currently accessed starting with the second rising edge 
of the clock input. The RB? pin will go into output mode 
on the second rising clock edge, and it will revert back to 


input mode (hi-impedence) after the 16th rising edge. A 
timing diagram of this command 
is shown in Figure 


1.2.1,4. 


1,2.1.5 Read Data from Data Memory 


After receiving this command, the chip will transmit data 
bits out of the data memory starting with the second 
rising edge of the clock input. The RB? pin will go into 
output mode on the second rising edge, and it will revert 
back to input mode (hi-impedence) after the 16th rising 
edge. As previously stated, the data memory is 8-bits 
wide, and therefore, only the first 8-bits that are output 
are actual data. 


1.2.1.6 Increment Address 


The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 
1.2.1.5. 
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Vll-*i------------------------------------ 


MCLR =.;: 


tsetO -: 
:: 
thida 
I 
, ' ----- 
RB6 
'" 
(CLOCK) 
,:: 


" 
, 


" 
, 


RB7 
::: 
(DATA) 
" 


" 
, 
" 
, 
': 
' 


Reset 
.: 


15 
16 
..... 
JLJL 


:1: 
tsen--: :-: 
+-: 
:-th1d1 
~ 
lOOns 
min. 


, 
tdly1 
: 
....---.., 
:1lJSrnin.: 


tset1~ 
, 
: 
~th1d1 
~ 
loons 
min. 


FIGURE 1.2.1.4 - READ DATA FROM PROGRAM MEMORY COMMAND (SERIAL PROGRAMIVERIFY) 
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15 
16 
..... 
JLJL 
:::::~ 


: 
RB7 


R87 = output 
al.'nput 


, 
, 
: 1d1y3-;-:- 


o 


ts8t1:-: 
: 
, 
!--:lIlldl 
~ 
loons 
min. 


, 
Idlyl 
: 
....---.., 
:1~smin.: 


':' 
, 


Reset 
•• 


--::7 
MCLR 
,, 
,, 


1.2.1.7 Begin Programming 


A load command must be given before every begin 
programming command. Programming of the appropri- 
ate memory 
(test program 
memory, 
user program 
memory or data memory) will begin after this command 
is received and decoded. An internal timing mechanism 
executes an erase before write. 
The user must allow 


10ms for programming to complete. 
No 'end program- 


ming' command is required. 


1.2.1.8 Enter parallel Mode 


After receiving this command, the chip will accept com- 
mands and supply data in a parallel fashion. 
After 


parallel mode has been entered, serial operation can 
only be achieved by fully exiting the programlverify 
mode and re-entering. 
See Section 1.2.2 for details. 
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circuitry will function in a parallel fashion. 
The function 
of pins RB6 and RB? change during parallel operation, 
and it is also necessary to control several more pins to 
achieve the desired results. Since the program memory 
in this device is 14-bits wide and there are only 12 I/O 
pins, it is necessary to transfer data into and out of the 
chip in two data words. These high and low data words 
are selected based upon the value of pin RB6 (RB6 = '1': 
high data word). In parallel mode, both the high and low 
segments of data inpuVoutput are 1O-bits wide, making 
it possible to handle up to 20-bit data words. The need 
for 20-bit 
capability 
is because 
future 
versions 
of 
PIC16C84 may need to read/program data words larger 
than 14-bit. 


For each 1O-bit data-segment (high or low), RBO is the 
Isb and RA3 is the msb. In PIC16C84, the lower 14 bits 
of the total 20-bit word is actually used. The upper-six 
bits are don't care (see Figure 1.2.2.1). 
The pin RB? 
also has a new function in parallel operation and that is 
to indicate whether a command is being input or data is 
being transferred (RB? ='1' - data transfer). Commands 
are input on pins RB<3:0> with the Isb applied to pin 
RBO. The clock pin during parallel operation is the RT 
pin. 
Data is again transmitted on the rising edge and 
latched on the falling edge of the clock. 
A minimum 
setup and hold time of 100ns with respect to the falling 
edge of the clock is again required. 
When entering a 
command RB? mustbe held lowforaminimum 
of 100ns 
after the falling edge of the clock. The commands which 
are available during parallel operation 
are shown in 
Table 1.2.2.1. 


Note; 
In ~paralle{ progt'al11!\(Ell:Ify" 
qperatlon Is tne.\ 
functioll oftne PATA/COMMAND 
p/i) (RBt), 
RB7 '" 0 during RT pin pulsing indicates a 
command 
Input, whereas 
RS? "= 1 indicates 
a data input. Afterevery command, the RBl 
pin must go Illgh (fol"'>10005) 
t6.initlat~ 
execution of that command. 
This is ne<Je$- 
sary even if back to back commands 
are 
being executed without any data word 
inbetweeo them.. 


TABLE 1.2.2.1 - COMMAND MAPPING 
(PARALLEL OPERATION) 


Command 
Mapping 
Data 


(RB<3:0» 
load Configuration 
0000 
Yes 
load Datafor ProgramMemory 
0010 
Yes 
ReadDatafrom ProgramMemory 
0100 
Yes 
IncrementAddress 
0110 
No 
BeginProgramming 
1000 
No 
ReadDatafrom DataMemory 
0101 
Yes 
load Datafrom DataMemory 
0011 
Yes 
BulkEraseProgramMemory 
1001 
No 
BulkEraseDataMemory 
101 1 
No 


Jl.l'!!, ''''''<11''''"\1 UII""U'"I'G1I1U, 
ll,e program coumer\t'v} 
will be set to 2000h pointing to the first location in the 
configuration memory. By then setting pin RB? high and 
pin RB6 high, the upper 4-bits of the complete data word 
will be latched in on the falling edge olthe RT pin. Setting 
pin RB610w allows the lower 1O-bitsto be latched in, and 
then the entire data word can be programmed into the 
configuration memory. 


Note: The data must be loaded high byte first and then 
low byte. 


A description 
of the memory mapping schemes for 
normal operation and programming mode operation is 
shown in Figure 1.0. After the configuration memory is 
entered, the only way to get back to the user program 
memory is by exiting the program/verify mode. 


1.2.2.2 Load Data for Program Memorv 


After receiving this command, the RB? pin is set high, 
and the data can then be latched into the chip. A timing 
diagram for the load data command is shown in Figure 
1.2.2.2. 


1.2.2.3 Load Data for Data Memory 


After receiving this command, the RB? pin is set high, 
and the data can then be latched into the chip. When a 
'Begin Programming' command is issued following this 
command, the data will be programmed into the data 
memory. 


1.2.2.4 Read Data from Program Memory 


After receiving this command, the chip will transmit data 
bits out of the program memory currently accessed (user 
or configuration) on the second rising edge of the clock 
input after pin RB? has been set high. When the clock 
is taken high for the second time after RB? is set high, 
the clock must remain high until all of the data has been 
read out. The high or low data words can be accessed 
while the clock is high by setting RB6 high or low, 
respectively. 
The pins RA<3:0>, and RB<5:0> go into 
output mode on the second rising clock edge, and they 
will revert back to input mode (hi-impedence) when the 
clock is set low. A timing diagram of this command is 
shown in Figure 1.2.2.3. 


1.2.2.5 Read Data from Data Memory 


After receiving this command, the chip will transmit data 
bits out of the currently accessed data memory location 
in a fashion identical to that of the read command for 
program memory. 


1.2.2.6 Increment Address 


The PC is incremented when this command is received. 
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RA3 
RAOjRB5 
RBO!RA3 


1191817 
16;15 14:13 12 11 1019 
8 


High 
I 


RAORB5 
RBO 


765432101 


Low 
y 


14bitsusedinPIC16CB4whenreadingor 
writingtotestoruserprogrammemory 


RA3 
RAOiRB5 
RBO!RA3 RAORBS 
RBO 


119 18 17 16;15 14 13 12 11 1019 
8 7 6 
5 4 3 2 1 0 I 


High 
I 
Low 
y----- 


8bitsusedinPICl6CB4when 
readingorwritingdatamemory 


FIGURE 1.2.2.2 - LOAD DATA FOR PROGRAM MEMORY COMMAND (PARALLEL PROGRAM! 
VERIFY) 
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:~ 
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RB7_____ 
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' 
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I 
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~[1'@~O!ITfi]O[li)®[1'W 


3-31 


• 


PIC16C84 Programming~ecification 


FIGURE 1.2.2.3 • READ DATA FROM PROGRAM MEMORY COMMAND 
(PARALLEL 
PROGRAMNERIFY) 
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1.2 2.7 Begin programming 


A load command must be given before every begin 
programming command. 
Programming of the selected 
memory (configuration memory, user program memory 
or data memory) will begin after this command is re- 
ceived and decoded. The programming time is specified 
to be 1Oms. 
The OSC2 pin will go high when the 
programming is completed (only in parallel mode). 


1.2.2.8 Bulk Erase program Memory 
After this command 
is performed, 
the next program 


command will erase the entire program memory. 
The 
erase time is specified to be 10ms. 


If the address is pointing to user memory, only the user 
memory will be erased. 


If the address is pointing to the test program memory 
(2000h - 200Fh), then both the user memory and the test 
memory will be erased. The configuration word will not 
be erased, even if the address is pointing to location 
2007h. 


1.2.2.9 Bulk Erase Data Memory 


After this command 
is performed, the next program 


command will erase the entire data memory. The erase 
time is specified to be 10ms. 
A description 
of the 


sequence of these two commands is shown in Figure 
1.2.2.4. 


I3B6 
(HIIlO) 
~AR,.'Z~ 
: 
COM AND) 
, 
: 
t58t2:::1 


lOOns 
min. 


: Next 
: Command 
~ 
~! __ 
h 
n, 


i' 


~ 
0 
I: 
,,-+-hh 


command 
command 


RB<3:0> ~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=>@X~ 
'_ 


tset1 .~thId1 


lOOns 
min. 


o:~ 


~th1d2 
f-.-J 


, COns 
:mm. 


1P1r~~~mhl~IrW 


3-32 


PIC16C84 Programmina..§pecification 


ACIDC CHARACTERISTICS, 
Standard 
Operating 
Conditions 
POWER SUPPLY PINS 
Operating temperature 
o ~ TA ~ +70·C, unless otherwise stated 


Operating voltage 
4.5V ~ Voo ~ 5.5V, unless otherwise stated 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions/Comments 


General 
Supply voltage 
Voop 
4.5 
5.0 
5.5 
V 
during programming 
Supply voltage 
Voov 
Voo min. 
Voo max. 
V 
Note 1 
during verify 
High voltage on MClR and 
VIHH 
12 
14.0 
V 
Note 2 
RT for test-mode entry 
Supply current (from Voo) during 
loop 
50 
mA 
program/verify 
Supply current from VIHH 
IHH 
1 
mA 
(on MClFl) 
MClR rise time (Vss to VHH) 
tvHHR 
1.0 
j.lS 


for test mode entry 
(ROO,RS7) input high level 
VIHl 
0.8 Voo 
V 
Schmitt trigger input 
(ROO,RS7) input low level 
VILI 
0.2 Voo 
V 
Schmitt trigger input 
RS<7:4> setup time before 
tseto 
100 
ns 
MClRi 
(test mode selection 
pattern setup time) 
RS<7:4> hold time after 
thldO 
100 
ns 
MClRi 
(test mode selection 
pattern hold time) 


serial ProgramlVerify 
Data in setup time before clock.,l. 
tset1 
100 
ns 
Data in hold time after clock.!. 
thld1 
100 
ns 
Data input not driven to next 
tdly1 
1.0 
j.lS 
clock input (delay required 
between command/data or 
command/command) 
Delay between clock.!. to clocki 
tdly2 
1.0 
j.lS 
of next command or data 
Clocki to data out valid (during 
tdly3 
80 
ns 
read data 


Paral~IProaramlVerl~ 
Data in setuD time before clock.!. 
tset3 
1 
I.IS 
Data in hold time after clock.!. 
thld3 
1 
j.lS 
RS6 and RS7 setup time before 
tset1 
1 
j.lS 
clock.!. 


RS6 and RS7 hold time after 
thld1 
1 
j.lS 
clock.!. 


RT (clock).!. to RT (c1ock)i 
tdly4 
2 
j.lS 
RS7 (data/command select 
tset2 
1 
j.lS 
inDull setuD before RT (clockli 
RS7 (data/command select 
thld2 
1 
j.lS 
input) hold time after RT (clock).!. 
RT (c1ock)i to data out valid 
tdly5 
1 
j.lS 
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ACIDC CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER SUPPLY PINS 
Operating temperature 
o ~ TA ~ +70·C, unless otherwise stated 


Operating voltage 
4.5V ~ Voo ~ 5.5V. unless otherwise stated 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions/Comments 


Parallel ProgramlVerify 
(cont.) 


RB6 (hVlo select) valid to data 
tdly6 
100 
ns 
out valid 
Programming pulse width 
tprog 
10 
ms 


TIme delay from program to 
tdis 
0.5 
I1S 


compare (HV discharge time) 


Note 1: Program must be verified at the minimum and maximum Vee limits for the part 
Note 2: VIHH must be higher than Vee + 4.5V to stay in programming/Verify 
mode. 


The PIC16C84 has five configuration fuses, which are 
EEPROM bits. These fuses can be programmed (reads 


'0') or left unprogrammed 
(reads '1') to select various 


device configurations. 


OSC selection fuses' 


FOSC 1. FOSCO: 


00: LP oscillator 


01 : XT oscillator 


10 : HS oscillator 


11 : RC oscillator 


WPT enable fyses: 


WOTE = 1: WOT enabled 


WOTE = 0: WOT disabled 


Power-yo timer enable fyse: 


PWRTE = 1 power-up time enabled 


PWRTE = 0 
power-up timer disabled 


Code protection fyse' 


CP = 1 
code protection off 


CP = 0 
code protection on 


Unimplemented. 
Read as '1's. 
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2.2 Code Protection 


The code in the program memory and data in the data 
memory can be protected by programming the code 
protect fuse (CP). 


When code protected, the contents 
of the program 


memory cannot be read out in a way that the program 
code can be reconstructed. It is also not possible to read 
outthe contents olthe data memory. In addition, it is not 
possible to program any memory 
locations (data or 


program) while code protection is on. 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOxxxxxxx'(binary) where X is 1 or O. To verify 
a device after code protection, follow this procedure: 


a. First, program and verify a good device without code 


protecting it. 


b. Next, blow its code protection fuse and then load its 


contents in a file. 


c. Verify any code-protected PIC16C84 against this file. 


Date memory can not be verified after code protection. 


2.3 10Locations 


Four memory locations (2oooh - 2003h) are designated 
as ID locations where the user can store checksum or 
other code - identification numbers. These locations are 
not accessible during normal execution but are readable 
and writable during programlverify. 


It is recommended that the user use only the lower 7-bits 
of the ID locations and always program the upper 7-bits 
as'1's. 


It is recommended 
that the following 
procedure 
be 


performed before any other programming is attempted. 
It is also possible to turn code protection off (code protect 
fuse = 1) using this procedure; however, all data within 
the program 
memory and the data memory will be 


erased when this procedure is executed, and thus, the 
security of the data or code is not compromised. 


Procedure to disable code protect: 


a. 
Execute load configuration (with a '1' in bit 4, code 
protect). 


b. 
Increment to fuse location (2007h) 


c. 
Execute command (0001 - RB<3-0» 


d. 
Execute command (0111 - RB<3-o» 


e. 
Execute 'Begin Programming' 


f. 
Wait 10ms 


g. 
Execute command (0001 - RB<3-o» 


h. 
Execute command (0111 - RB<3-0» 


3,0 
EMBEDDING 
DATA EEPROM 
CONTENTS 
IN HEX FILE 


The programmer should be able to read data EEPROM 
information from a hex file and conversely (as an option) 
write data EEPROM contents to a hex file along with 
program memory information and fuse information. 
The 64 data memory locations are logically mapped 
starting at address 21OOh. 


4.0 
PROGRAMMING 
ALGORITHM 
REQUIRES VARIABLE voo 


The PIC16C84 uses an intelligent algorithm. 
The algo- 


rithm calls for program verification at Voo (min.) as well 
as Voo (max.). 
Verification at Voo (min.) guarantees 


good 'erase margin'. Verification at Voo (max) guaran- 
tees good 'program margin'. 


The actual programming must be done with Voo in the 
VoOP range (4.5 - 5.5V). 


VooP 
= Vcc range required during programming. 


Voo min. = minimum operating voo spec for the part. 
Voo max. = maximum operating Voo spec for the part. 


Programmers must verify the PIC 16C84 at its specified 
Voo max. and Voo min. levels. 
Since Microchip may 


introduce future versions of the PIC16C84 with a broader 
Voo range, it is best that these levels are user selectable 
(defaults are ok). Any programmer 
not meeting these 


requirements 
may only be classified 
as "prototype" 


or "development" 
programmer 
but not a "produc- 


tion" 
quality 
programmer. 
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PIC17CXX 


PIC17CXX EPROM Memory Programming Specification 


The PIC17CXX is fundamentally programmed using the 
TABLWT instruction with the table pointer pointing to an 
intemal EPROM location. 
Therefore, a user can pro- 


gram an EPROM location while executing code (even 
from internal EPROM). 


For the convenience 
of a programmer 
developer, a 


"program & verify" routine is provided in the on-chip test 
program memory space, the program resides in ROM 
and not EPROM. 
Therefore, 
it is not erasable. 
The 


"program/verify" 
routine allows the user to load any 


address, program a location, verify a location or incre- 
ment to the next location. 
It allows variable program- 


ming pulse width. 


1.1 
Hardware Reauirements 


Since the PIC17CXX under programming 
is actually 


executing code from "boot ROM", clock must be pro- 
vided to the part. 
Furthermore, the PIC17CXX under 


programming 
may have any oscillator 
configuration 


(EC, XT, LF or RC). Therefore, the external clock driver 
must be able to overdrive pulldown in RC mode. CMOS 
drivers are required since the OSC1 input has a Schmitt 
trigger input with levels (typically) of 0.2 VDD and 0.8 
VDD.See the PIC17C42 datasheet (OS30073) for exact 
specifications. 


The PIC17C42 requires two programmable power sup- 
plies, one for VDD(2.0V to 6.5V recommended) and one 
for VPP (12V to 14V). 
Both supplies should have a 


minimum resolution of 0.25V. 


2.0 
HOW TO ENTER 
PROGRAMMING 
MODE 


To execute the programming routine, the user must hold 
TEST pin high, RA2, RA3 must be low and RA4 must be 
high (after power-up) while keeping MCLR low and then 
raise MCLR pin from VILto VIHH(VDDor VPP). This will 
force FFEOh in the program counter and execution will 
begin althat location following reset. Execution is forced 
to Internal mode by overriding fuse configuration. 
The 


code protect fuse is not overwritten. 
The program 


immediately polls port RB<7:0> to determine a branch 
address. 
Presenting E1h on port RB will cause the 


program to jump to and execute the "program/verify" 
routine. 


The sequence that enters the device into the program- 
minglverify mode places all other logic into the reset 
state (the MCLR pin was initially at VIL). This means that 
all I/O are in the reset state (High impedance inputs). 


FIGURE A - 40L PDIP, CERDIP WINDOW 
PINOUT 


Vllll 
RDO/ADS 


RCOIADO 
RD1/AD9 


RC1/ADl 
RD2IAD10 • 


RC2lAD2 
RD3IADll 


RC3IAD3 
RD4IAD12 


RC4IAD4 
RD5IADI3 


RC5lADS 
RD6IAD14 


RC6lAD8 
"tJ 
RD7/ADIS 
- 
RC7/AD7 
0 
MCLRNpp 


Vss 
...&. 
Vss 


RBOICAPI 
•••••• 
RElYALE 


RB1ICAP2 
0 
REI/OE 


RB2IPWMI 
>< 
RE2IWR 


RB3IPWM2 
>< 
TEST 


RB4ITCLK12 
RAO/INT 


RB5ITClK3 
RAI/RT 


RB6 
RA2 


RB7 
RA3 


OSC1ICLKIN 
RA4lRXlDT 


OSC2ICLKOUT 
RA5lTXlCK 


PORTB (RB) has internal weak pull-ups which are active 
during the programming mode. When TEST pin is high, 
Power-On 
Reset and Oscillator Start-up Timers are 


disabled. 


The programlverify 
mode is intended for full-feature 


programmers. 
This mode offers the following capabili- 


ties: 


a. 
Load any arbitrary 16-bit address to start pro- 
gram and/or verify at that location. 


b. 
Increment address to programlverify 
the next 


location. 


c. 
Allows arbitrary length programming pulse width. 


d. 
Following a "verify" allows option to program the 
same location or increment and verify the next 
location. 


e. 
Following a "program" allows options to prograrn 
the same location again, verify the same location 
or to increment and verify the next location. 


2.1.1 
LOADING NEW ADDRESS 


The program allows new address to be loaded right out 
of reset. A 16-bit address is presented on ports RS (high 
byte) and RC (low byte) and the RT is pUlsed (O~ 
1,then 


1 ~ 0). The address is latched on the rising edge of RT. 
See timing diagrams for details. 
After loading address 


the program automatically goes into a "verify cycle". To 
load a new address at any time, the PIC17C42 must be 
reset and this programming mode re-entered. 


Pulse RT 
(Raise RT 
afterINTJ.) 


Pulse INT 
(INT pulse 
width is 
programming time) 


2.1.2 
VERIFY (OR READ) MODE 


"Verify mode" can be entered from "Load address" 
mode, "program mode" or "verify mode". In verify mode 
pulsing RT will tum on ports RS and RC output drivers 
and output the 16-bit value from the current location. 
Pulsing RT again will increment location count and be 
ready for the next verify cycle. Pulsing INT will begin a 
program cycle. 


2.1.3 
PROGRAM CYCLE 


"Program cycle" is entered from "verify cycle" or pro- 
gram cycle" itself. After a verify, pulsing INT will begin a 
program cycle. 16-bit data must be presented on ports 
RS (high byte) and RC (low byte) before INT is raised. 


0000 
On chip 
Program 
EPROM 
FOSCO 
FEOO 


07FF 
FOSC1 
FE01 


FWDTO 
FE02 


FWDT1 
FE03 


FPMMO 
FE04 


Reserved 
FEOS 


FPMM1 
FE06 


FE07 


FEOO 
Fuses 
FEOS 
FEOF 
Reserved 
FE09 


FFFF 
FEOF 


DS30139F-page 
2 
C 1994 Microchip Technology 
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The data is sampled 3 Tcy after the rising edge of INT. 
Programming continues for the duration of INT pulse. 


At the end of programming the user can choose one of 
three different routes. If RT is kept low and INT is pulsed 
again, the same location will be programmed again. This 
is useful for applying over programming pulses. 
If RT is 
raised before INT falling edge, then a verify cycle is 
started without address increment. Raising RT after INT 
goes low will increment address and begin verify cycle on 
the next address. 


Configuration fuses are programmable 
EPROM bits 
that can be programmed 
(reads '0') or left unpro- 


grammed (reads '1') to select between options (e.g. 
operating modes). For simplicity of programming they 
are mapped into program 
memory. 
Each fuse is 


assigned one program memory location. 
In erased 
condition a fuse will read as '1'. To program (or "blow") 
a fuse, the user needs to write to the fuse address. The 
data is immaterial; the very act of writing will blow the 
fuse. 
The fuses and their address are shown in the 
table below. The programmer 
should 
not program 
(I.e. not write a '0') the reserved 
locations 
to avoid 
unpredlcatable 
results 
and to be compatible 
with 
future variations 
of the PIC17C42. 


Fuse 
Address 
Function 


FOSCO 
FEooh 
FOSC1, FOSCO = 00 : LF oscillator mode 
FOSC1 
FE01h 
01 : RC oscillator mode 
10 : XT oscillator mode 
11 : EC (extemal clock mode) 
FWDTO 
FE02h 
FWDTl, 
FWDTO = 10 : WDT prescale is 256 
FWDTl 
FE03h 
01 : WDT prescale is 64 
11 : WDT prescale is 1 
00 : WDT is off (nonnal timer) 
FPMMO 
FE04h 
FPMM1, FPMMO = 00 : Microcontroller mode (code protected) 
FPMM1 
FE06h 
10 : Microcontroller mode 
01 : Extended micrcontroller mode 
11 : Microprocessor mode 


3.1 Reading Configuration Fuses 


For simplicity, reading any fuse in address range FEoo: 
FE07h will read all eight fuse values in the lower byte and 
all 1's in the upper byte. 
Fuse located at FEooh will 
show up in bit 0 and so on. 


When code protected, reading any program 
memory 
location will read out a scrambled output "0000 0000 xxxx 
xxxx" (binary) where x = 0 or 1. To verify a device after 
code protection follow this procedure: 


a. First, program and verify a device without code 
protection. 


b. Next, blow its code protection fuse(s) and read it into 
a file. 
c. Verify any code protected PIC17C42 against this 
this file. 


To allow portability of code, a PIC17C42 programmer is required to read the fuse locations from the hex file when 
Ioadlngthehexfde. 
If fuse informatlonwas 
notpresent Inthe hex me then a simple waming message maybe issued. 


Similarty. while saVing a hex me, all fuse information mustbe included. An option to not include the fuse information 
may be provided. When embedding fuse iofonnalion 
in the hex file, it should be to address FEOOH. 


MIcrochip Technology Inc. feels strongly that this feature is important for the benefit of the end customer. 
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Read MSB of data 
from port-B. 


Read LSB of data 
from port-C. 


Enable INT to end 
prog cycle 


I 
B port = xxx 
1- B port is forced by the part 


/ 
B port = xxx I -B port is tn-state, should be forced by user 


Min RT high or low = 10 Tcy 
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:Jump Address: 
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Programming 
Mode entry 


Verify location X 
Increment address to X + 1 
by pUlsing RT 


Program location X + 1 
Do not increment PC 
by raising RT before 
INTJ. 


Note: RA2= 0 
RA3=O 
RA4= 1 
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AB<7:0>ml')( 
E1H 
X ADDA_HI H---t 
DATA_HIour 
>---<DAkHUNHDAkHUN>-----<DATtHUN)----~ 


Jump Address 
: 
: 
: 
: 
: 
Input 
: 
: 
: 
: 
: 


AC<7:0> 'tl:lIXIXfXf:IX'fttI 
ADDA_LO8 
DATA_LOO~~ >---<D+_LOjNHDA+_LOjN>-----<DAT~LOjN)----~ 


Programming 
mode entry 


Programlocation X 
Move to verify cycle 
Prevent incrementof 


PC by raising AT 
before INT.). 


Note: AA2= 0 
AA3 = 0 
AA4= 1 


-+: 
:_tinl2rtl 


trtV2inL--] 
~ 


I 


Program location X 
I 
1 
Do not increment 
PC 
Verify location X 
Raise RT before INTJ, 


to do this 


Program location X 
Raise RT after INT J, 


to increment to location X + 1 


Note: Device in PGM mode 


Test = +5 
Vpp/MCLR 
= VPp 
RA2 =0 
RA3= 
0 
RA4= 
1 


Verify location 
X + 1 
Pulse RT to increment 
address 
to X +2 


I 


1 Verify location X +21 
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Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 


Operating temperature 10·C S TA s+40·C 
Operating voltage 4.5V <Vcc <5.5V 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 


Programming voltage 
VPp 
12.5 
13.5 
V 
Note 1 
on Vpp/MCLR pin 
Programming current 
Ipp 
25 
50 
mA 
on Vpp/MCLR pin 
Supply voltage during 
Voop 
4.5 
5.0 
5.5 
V 
programming 
Osclclockin frequency 
Foscp 
4 
10 
MHz 
during programming 
Instruction cycle 
Tcy 
1 
0.4 
I1s 
Tcy - 4/Foscp 


Supply current during 
loop 
30 
mA 
Freq = 10 MHz, Voo = 5.5V 
programming 
Supply voltage during 
Voov 
Vpo min. 
Voo max. 
V 
Note 2 
verify 
INT,RT,RA2,RA3,RA4 
tirV2tsH 
1 
I1S 
setup before TESTi 
TESTi 
to MCLRi 
ttsH2mcH 
1 
llS 
RC<7:0>, RS<7:0>valid 
tbcV2irH 
0 
lls 
to RT or INTi :Addressl 
Data input setup time 
RT or INTi to RB<7:0>, 
tirH2bcl 
10Tcy 
I1s 
RC<7:0> invalid; 
Address datahold time 
RT.!.to RS<7:0>, RC<7:0> 
trtL2rbcZ 
8Tcy 
high impedance 
RTi to data out valid 
trtH2bcV 
10Tcv 
Programming pulse width 
tprog 
10 
100 
1000 
us 
INT, RT high pulse width 
tirH2irL 
10 Tcv 
us 
INT, RT low pulse width 
tirL2irH 
10Tcy 
llS 
RTi before INT.!. (to go 
trtV2inL 
0 
I1s 
from prog cycle to verify 
w/o increment) 
RT valid aiter INT (to 
tinL2rtl 
10Tcy 
I1s 
select increment or no 
increment going from 
program to verily cycle 
Vpp setup time before 
tvpps 
100 
I1s 
Note 1 
INTi 
Vpp hold time aiter INT.!. 
tvpph 
0 
us 
Note 1 
Voo stable to TESTi 
tvdV2tsH 
10 
ms 
RS input (E1h) valid to 
trbV2mcH 
0 
I1s 
Vpp/MCLRi 
RS input (E1h) hold aiter 
tmcH2rbI 
10Tcy 
ns 
Vpp/MCLRi 
Voo power down aiter 
tvpL2vdL 
10 
ms 
VPp power down 


Note 1: Vpp/MCLR pin can be kept at VPp level (12.5V - 13.5V) at times other than programming. 
Note 2: 
Program must be verified at the minimum and maximum Voo limits for the part. 


The PIC17CXX 
uses an intelligent 
algorithm. 
The 
algorithm calls for program verification at Voo (min.) as 
well as Voo (max.). 
Verification at Voo (min.) guaran- 
tees good 'erase 
margin'. 
Verification at Voo (max) 
guarantees good 'program margin'. 
Three times (3X) 
additional pulses will increase program margin then 
beyond Voo (max.) and insure safe operation in user 
system. 


The actual programming must be done with Voo in the 
VooP range (4.5 - 5.5V). 


VOOP 
= Voo range required during programming. 
Voo min. = minimum operating Voo spec for the part. 
Voo max. = maximum operating Vcc spec for the part. 


Voo-max. and Voo min. levels. 
Since Microchip may 
introduce future versions of the PIC17CXX with a broader 
Voo range, it is best that these levels are user selectable 
(defaults are ok). Any programmer not meeting these 
requirements may only be classified as 'prototype' 
or 
'development' 
programmer but not a 'production' 
qual- 
ity programmer. 


Location 
fails 
programming, 
issue error 
message 
"Unable 
to 
program 
location" 


Programming 
error. 
Issue error message 
"Fail verily 
@ Voo minimax" 


Apply 
(3 x Pulse-eount) 
more 100 ~s programming 
pulses for margin 
(Over 
programming) 


• 


PIC17CXX Programming 
Specification 


SQTP Specification 
for PIC16C5X 


Serialization is a method of programming 
PIC16C5X 
microcontrollers whereby each chip is programmed with 
a slightly different code. Typically, 
all locations are 
programmed with the same basic code except for a few 
continuous bytes which are programmed with a different 
number (referred to as 'key' or 'ID number' or 'serial 
number') in each member. Typical applications of such 
programming are remote transmitters for car alarms or 
garage door openers where each unit must have a 
different access code. 


Microchip offers a flexible SaTP program, whereby a 
customer can simply specify the nature of serialization. 
The 'serial number' generation and programming will be 
taken care of by the factory. 


1.0 
DEVICES CURRENTLY SUPPORTED 


PIC16C54 
osc type=XT, RC, LP, HS 
Packages=PDIP, SOIC 


PIC16C55 
osc type=XT, RC, LP, HS 
Packages=PDIP, SOIC 


PIC16C56 
osc type=XT, RC, LP, HS 
Packages=PDIP, SOIC 


PIC16C57 
osc type=XT, RC, LP, HS 
Packages=PDIP, SOIC 


Other device types are being added. Please consult 
a 
Microchip representative or Microchip sales person. 


2.0 
SERIALIZATION SCHEME 
SUPPORTED 


2.1 
Locations: 


The serial number must reside in continuous locations 
with up to eight locations used. 
Furthermore these 
locations must be coded as 8NN (RETLW NN, where 
NN=8-bit 
random code ) in the finished product. 
For 
details on how the RETLW instruction is typically used 
for serialization purposes, please see Appendix A. The 
customer code must be supplied without the serial code 
in these locations. These locations must be 8FFh in the 
customer code provided to Microchip. 
Microchip will 
insert the serial code at these locations during program- 
ming. Hex files must be in Intel hex 8-bit merged format. 
See Appendix B for details. 


2.2 
Numbering Schemes: 


Random: Truly random numbers are generated. How- 
ever, there is no guarantee that the numbers will be non- 
repeating although the probability of such an occurrence 
will be infinitesimally small for a reasonably large field. 


Pseudo-Random': 
Pseudo-random 
sequences of re- 


quested length (e.g. 32-bit long if four locations are 
used) starting with a 'seed value' selected by the factory. 
The customer may optionally specify the starting value. 


Pseudo-random 
sequences, by definition are non-re- 


peating. 
See Appendix 
C for polynomials 
used to 
generate the numbers. 


Sequential: Sequential numbers are generated. 
User 
specifies the "starting number" and an increment value. 
In sequential numbering, the least significant digit is in 
the lowest memory location. The increment value must 
be between 1 and 255. 


Numbers are always in hex and not in BCD or any other 
format. 


The factory will program the "basic code" first, then 
program the serial number and finally program the code- 
protection fuse. Program memory will be verified at each 
stage except after code protection. 
Optionally, 
the 
factory may choose to program the "basic code" and the 
"serial number" at the same time. 
The customer may 
specify an ID number (four hex digits) to be programmed 
inthe ID locations or elect to leave them unprogrammed. 


Three (3) verification samples will be provided. 
These 
will be programmed with factory selected random or 
sequential codes in the serialization 
locations. 
The 
three parts will be programmed with three different serial 
codes. 
If order entry has been completed, 
then the 
samples will reflect the first three codes. If code protec- 
tion is requested, then one of the three samples will be 
code protected. 


5.0 
THE FOLLOWING LIMITATIONS 
APPLY TO THE SQTP PROGRAM 


1. During shipment of serialized parts, no particular 
sequence can be guaranteed. 


2. 
In sequential or pseUdo-random numbering scheme, 
there may be missing serial numbers (e.g. due to ac 
sampling). 


3. A list of serial numbers programmed 
can not be 
provided, nor will such a list be generated or main- 
tained by Microchip. 


4. 
For sequential 
and 
pseudo-random 
numbering 
schemes, Microchip will maintain last number used 
in last shipment and use the next number as the 
starting numberforthe 
next shipment. The customer 


should be prepared to provide a 'new starting num- 
ber" in the event the flow is disrupted due to unfore- 
seen events. 
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Implementing 
a table 
in the 
program 
memory 
of 
PIC16C5X: 


The PIC16C5X uses Harvard architecture, in which the 
program memory is separate from data memory. 
All 


instructions operate on data that is fetched from the 
register file or data memory. Since there are no instruc- 
tions to read from or write to the program memory, 
simply storing data words in program memory is of no 
use. There is, however, a simple and elegant way to 
implement constant tables in the program memory by 
using the RETLW instruction. This instruction returns 
from a subroutine as well as loads an 8-bit constant into 
the W register. The following example shows how to get 
a byte of ·serial information" from the table stored at 
location OOOhin PIC16C54: 


ORG 
0 
;store 
serial 
numbers 


RETLW 
OFFh 


RETLW 
OFFh 


RETLW 
OFFh 


RETLW 
OFFh 


RETLW 
OFFh 


RETLW 
OFFh 


RETLW 
OFFh 


RETLW 
OFFh 
lend of serial 
;numbers 


0 


0 


main-prog 
ORG 
XYZ 
;This 
is main 
program 


0 


0 


MOVLW 
byte_num 
;byte_num 
= 0 for 
1st 
;byte 


CALL 
get_1byte 


0 


0 


get_1byte 
MOVWF 
PC 
iwrite 
W to program 
icounter 


;W = offset 
= 0 for 


;lst byte 


;end of get_1byte 
sub 
iroutine 


0 


0 


0 


END 


main-prog 
ORG 
XYZ 
program 


The next example shows how a serial number may 
reside at location other than OOOh. 


MOVLW 
byte_num 
;byte_num 
= 0 for 


1st 
;byte 


CALL 
get_1byte 


0 


get_1byte 
ADDWF 
PC 


RETLW 
Offh 


RETLW 
Offh 


RETLW 
Offh 


RETLW 
Offh 


RETLW 
Offh 


RETLW 
Offh 


RETLW 
Offh 


RETLW 
Offh 


0 


0 


END 
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Standard hex file format for serial programming: 


The hex file containing the 'serial numbers' will be in Intel 
hex 8-bit fonnat. Since the PIC16C5X has 12-bit data 
words, all addresses are doubled in this hex fonnat. 
Each line of the hex file will be for a new part. Each line 
can contain only up to 16 bytes (Le. eight PIC16C5X 
instruction words). The format is as follows: 


:NNAAAA TTHHHHHH 
HHCC 


where: 


NN 


AAAA = 


TT 


HH 


CC 


byte count on current line (max 10h allowed) 


address in four hex digits 


record type, always 00 except 01 for EOF 


Two digit hex data byte 


Two digit hex checksum 


Pseudo-random 
numbers 
are 
generated 
using 


modulo-2 primitive polynomials. 
This method guaran- 


tees to produce a sequence of maximal length, Le., cycle 
through all possible sequence of n bits before it repeats. 
By providing a seed value as the initial bit pattern (the 
only combination not used is all O's), one can get 2"-1 
random bits before the sequence repeats itself. Micro- 
chip will only support pseudo-random serial numbers for 
bit lengths 8, 16,24,32,40,48,56 
and 64 (Le., 1-8 


locations). The polynomials used are: 


8 bit: 
x"+x'+x'+x2+ 
1 


16 bit: 
x'· + x5 + x'+ x2 + 1 


24 bit: 
x" + x' + x'+ x + 1 


32 bit: 
x32 + x7 + XS+x3 + x2 + x+ 1 


40 bit: 


48 bit: 


56 bit: 


X""+XS+x'+x3+ 
1 


x'" + x7 + x5+ x' + x2 + x+ 1 


x" + x7 + x'+ x2+ 1 


64 bit: 
x"" + x' + x3+ X + 1 


To implement the 8-bit polynomial requires XORing the 
non-zero bits of the polynomial (shown as a shift register 
below) and shift on the resetting bit back into the shift 
register. 
•• 
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SECTION 
4 
ASSP PRODUCT SPECIFICATIONS 


MTA11200 
MTA41110 
MTA41111 
MTA41120 
MTA41300 
MTA41600 
MTA81010 
MTA85XXX 


TrueGauge™ Intelligent Battery Management I.C 
.4- 
1 


PS/~ 
Mouse and Trackball Controller I.C 
4- 
41 


Velocity SCaling Mouse and Trackball Controller I.C 
4- 
61 


ADBTMMouselTrackball Controller I.C 
4- n 


Ps/2 and Serial Mouse and Trackball Controller I.C 
4- 
95 


UniMouse™ Mouse and Trackball Controller I.C. Product Brief 
.4- 119 


PICSEETM28-pin MCU with Serial EEPROM Multi-Chip Module 
4- 121 


PICSEE 2O-pin MCU with Serial EEPROM Multi-Chip Module 
.4- 171 •• 


MTA11200 


~. 
Intelligent Battery Management I.C. 


• 
Digitally integrates battery charge and discharge 
current to provide an accurate state of charge indica- 
tion 


• 
Operates with NiCd, NiMH, or Lead Acid battery 
packs containing as few as three cells 


• 
Provides 
real-time battery data via a single-wire 


interface 


- Remaining capacity in percentage 


- Total Capacity in mA-Hr 


- Battery Voltage 


- Battery Temperature 


• Battery Current 


• 
-~V, ~T/dt, or maximum voltage fast charge termina- 
tion 


• 
Provides three overcharge protection mechanisms: 


- Elapsed time fast charge termination 


- Over and Under Temperature protection 


- Over-Voltage protection 


• 
Automatically 
measures and updates the total ca- 


pacity of the battery 


• 
Automatic battery conditioning requests at regular 
intervals based on usage 


_ 
VDD 
_ 
VDD 


N/C 
- 
Vss 
N/C 


-. 
RXD 


- 
TXD 
- 
SCL 
-SDA 
_ 
ISENC 


-BATVC 
_TEMPC 
-REFC 
-P20 


CLR - 
OSC1- 
OSC2- 
IDLE_ 
CTS_ 


P80 - 
P80 _ 
CHG_ 
LEDREO- 
EODV ~ 
DISREO- 
RAMP- 
ZERO_ 
P40 _ 


• 
Provides accurate, real-time battery capacity infor- 
mation 


• 
Extends battery life through automatic, regularcondi- 
tioning cycles 


• 
Permits use of an inexpensive 
current source for 
battery charging 


• 
Allows rapid and reliable battery 
recharging 
with 


multiple backup safety mechanisms 


• 
Avoids errors due to battery noise, variations in load 
current, and deep discharge situations 


• 
Provides total capacity data to help detect imminent 
battery failure 


• 
Assists in efficient power management 


- 
Vss 
_ 
VDD 


- 
VDD 
_ 
VDD 


-RXD 
-TXD 
-SCL 
-SDA 
_ 
ISENC 


_BATVC 
-TEMPC 
_ 
REFC 


-P20 
- 
Vss 


TrueGauge 
name and logo are trademarks 
of Microchip 
Technology 
Inc. 


The microcode 
contained 
in lhis product 
is copyrighted 
C1993. 
all rights reserved. 


CLR - 
OSC1- 
OSC2- 
IDLE_ 
CTS_ 
pao - 
P80 _ 
CHG_ 
LEDREO- 
EODV- 
DISREO- 
RAMP- 
ZERO_ 
P40_ 
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The MTA11200 is the heart of a simple, Iow~ost, yet 
fully featured solution to battery monitoring and charg- 
ing. It is designed to operate with either nickel cadmium, 
nickel-metal hydride, or lead acid battery packs. 


By digitally integrating 
battery charge and discharge 
current 
the 
MTA11200 
accurately 
determines 
the 


battery's state of charge. The battery's total capacity is 
automatically measured and factored into the state of 
charge calculation. Thus, an accurate indication of per- 
centage of battery capacity remaining is determined. 


Automatic total capacity measurement 
occurs during 


battery conditioning cycles when the battery is cycled 
from full charge to full discharge. The MTA11200 re- 
quests conditioning cycles at regular intervals based on 
battery usage to extend battery life. Additionally, the 
MTA 11200 continually monitors 
battery condition and 


can output the following battery parameters via RS-232 
1-wire interface or optional 3-wire bi-directional 
serial 


link: remaining capacity, total capacity, voltage, current, 
temperature, error flag, etc. 


The MTA 11200 is a 28-pin low power CMOS integrated 
circuit. Combined with a few simple external compo- 
nents, a complete battery maintenance system can be 
realized. 


The MTA11200 
is ideally suited for use in portable 


computers, portable video equipment, cellular phones, 
and other products 
relying on rechargeable 
battery 


technology. The MTA11200 excels inapplications where 
an accurate "fuel gauge" is desired to prevent interrup- 
tion in use or data loss due to insufficient battery power. 
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1.0 PIN DESCRIPTIONS 


PIN NAME 
TYPE 


TXD 
Output 


RXD 
Input 


CTS 
Output 


SCL 
OC-Output 


SDA 
InpuVOutput 


REFC 
Input 


BATVC 
Input 


TEMPC 
Input 


ISENC 
Input 


ZERO 
Output 


RAMP 
Output 


DISREQ 
OC-Output 


EODV 
OC-Output 


CHG 
InpuVOutput 


LEDREQ 
Input 


P20 
OC-Output 


P40 
OC-Output 


P60 
OC-Output 


PSO 
OC-Output 


IDLE 
Output 


OSC2 
Output 


OSC1 
Input 


CLR 
Input 


Voo 
Pwr 


Vss 
Gnd 


DESCRIPTION 


RS-232 transmit data 9600,N,S,1. The MTA 11200 transmits command 
responses and measured battery data to a host via this pin 


RS-232 receive data 96oo,N,S,1. The MTA 11200 receives commands 
and data from a host via this pin. This pin can be a no-connect 
if the 
MTA 11200 is operating in the transmit only (broadcast) mode 


RS-232 clear to send output. The MTA 11200 signals that it is ready to 
receive a command from the host via this pin. This pin can be a no- 
connect if the MTA11200 is operating in the transmit only mode 


12CTMfonnat serial clock to an extemal Serial EEPROM 


12C fonnat serial data to and from extemal Serial EEPROM 


Reference voltage comparator sense input 


Battery Voltage comparator sense input 


Temperature comparator sense input 


Charge and Discharge Current comparator sense input 


Comparator offset compensation control 


AID voltage ramp control 


Discharge request output for extemal charger/discharger 
control. Ac- 
tive low when battery discharge cycle is requested. Inactive tristated 


Battery at End Of Discharge 
Voltage 
output, 
active low, inactive 
tristated 


Charge request output and host or charger present input. When in 
output mode, fast charge request is active low when capacity is less 
than value stored in EEPROM. Inactive tristate. In input mode charger 
present is indicated when input is high. A 100K pull down is required. 
Extemally pulled high to command ON (as opposed to STANDBY) 
mode 


LED request switch input for momentary contact switch. Enables LED 
outputs for -1.75 seconds when input goes low 


Battery >20% full, LED drive, active low, inactive tristated 


Battery >40% full, LED drive, active low, inactive tristated 


Battery >60% full, LED drive, active low, inactive tristated 


Battery >SO%full, LED drive, active low, inactive tristated 


Standby mode output, shuts down extemal circuits, active high 


4.0 MHz ceramic or crystal oscillator output 


4.0 MHz ceramic or crystal oscillator input 


Power on reset input 
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The MTA11200 determines the state of charge of a 
battery by integrating all the current going into and out of 
a NiCd, NiMH, or Lead Acid rechargeable battery pack. 
Compensation factors that adjust for battery non-linear- 
ity and environmental conditions are continuously ap- 
plied to the state of charge calculation. The MTA11200 
also performs the charge controller function of a battery 
charging system. It can directly control a 'dumb" current 
source charging supply to provide both a high current 
fast charge and a long term maintenance (trickle) charge. 
The battery's state of charge is communicated by the 
MTA11200's four LED outputs and by a 9600 baud 
RS-232 serial link. Additionally, battery voltage, current, 
temperature, measured total capacity, and history infor- 
mation are available via the RS-232 link. 


System control parameters that are stored inan extemal 
EEPROM allow the operation of the MTA11200 to be 
customized for use with a wide variety of battery types 
and sizes. There are approximately 35 programmable 
system parameters 
stored in 128 bytes of extemal 
EEPROM. 
These parameters are listed alphabetically 
and described in detail in Section 5.0. 


2.1 STANDBY State 


The MTA11200 has two states of operation: the ON 
state and a low power STANDBY state. The MTA11200 
enters the STANDBY state when it senses that the 
battery is not connected to any extemal equipment (via 
the CHG pin) and therefore is not in use. In this low 
power state, the battery voltage, temperature, and cur- 
rent flow are measured at 138 second intervals. The 
MTA11200 compensates for battery self-discharge by 
adjusting the state of charge indication based upon the 
temperature 
and the battery's available charge. The 
self-discharge 
compensation 
factors 
are highly pro- 
grammable and allow the MTA11200 to accurately com- 
pute the decay in the battery's available charge for a 
wide variety of different battery types. In this STANDBY 
state, the battery's charge state can be communicated 
via the four LED outputs. The MTA11200's RS-232 link is 
disabled when in the STANDBY state to conserve power. 


Exiting the STANDBY state and entering the 'ON" state 
occurs when a connection 
to extemal equipment is 
detected. This indicates that the battery is in use or is 
being charged. The ON state is entered when the CHG 
pin is sampled at a high level. The CHG pin is sampled 
at a 1.75 second rate and the MTA11200 can be easily 
forced into the 'ON" mode when the battery's 
host 
equipment is powered up or when the battery is con- 
nected to a charger. Battery voltage, temperature, and 
current flow are sampled at 1.75 second intervals in this 
state. 


2.3 Monitoring 
and Charging 
System 


The MTA 11200 is designed as the main controller I.C. in 
a battery monitoring and charging system. Additionally, 
a few other components are required to implement an 
entire system. A Serial EEPROM that uses standard 12C 
interface is required. Control parameters that customize 
the MTA 11200 for a particular battery type and applica- 
tion are stored in the Serial EEPROM. Additionally, the 
actual battery capacity that ismeasured bythe MTA11200 
is routinely updated and stored in the EEPROM. The 
analog-to-digital 
conversion 
technique 
used by the 
MTA 11200 is a timed voltage ramp system that uses an 
extemal quad comparator. This combination provides 
highly accurate conversions 
across a wide dynamic 
range of input levels. For example, the current measure- 
ment range is typically 5000: 1 for charge or discharge 
current. 


3.1 Charge State Indicator 


The MTA 11200 indicates the present state of charge in 
percentage relative to a full (100%) charge. The total 
capacity of the battery pack is measured and used as the 
reference value for calculating 
the present state of 
charge. The total capacity is obtained by numerically 
integrating discharge 
current only, over a complete 
discharge cycle. A separate numerical integration is 
performed using both charge and discharge currents. 
The result of this integration in relation to the measured 
capacity determines the present state of charge of the 
battery. 


3.1.1 Measured Battery Capacity 


Total battery capacity is automatically determined by 
measuring and integrating the total discharge current 
delivered by the battery during any uninterrupted (by 
charge current) and complete discharge cycle. This 
helps maintain the accuracy of the charge state indica- 
tion over the life of the battery. 


An automatic capacity measurement cycle begins when 
the battery is charged to its 100% capacity point. This 
occurs 
when 
fast 
charging 
is terminated 
by the 
MTA11200's intemal charge controller. Additionally, if 
the MTA 11200 receives a Start Capacity Measurement 
command, it allows the discharge measurement cycle to 
begin by defining the present state of the battery as the 
100% capacity point. 


Now, integration of the discharge current begins when 
measurable discharge current flows from the battery. 
The MTA11200 may enter the STANDBY state and not 
cause the measurement 
cycle to abort. However, a 
complete and uninterrupted discharge cycle must occur 
following the start of discharge. 
If, after the start of 
discharge, the battery discharge current is reduced to 
zero, or if charge current is detected, the measurement 
cycle will be aborted. 


Ifthe discharge cycle continues until the battery reaches 
the programmed (in EEPROM) End Of Discharge Volt- 
age (EODV), the capacity measurement cycle is com- 
pleted. This measured battery capacity replaces the 
value previously stored in EEPROM at location MEACAP 
and becomes the new basis for the charge state calcu- 
lation. From this point forward the MTA11200 will inte- 
grate all charge and discharge current and calculate 
battery self-discharge 
rates in relation to the stored 
measured capacity. 


Long term accuracy of the state of charge calculation is 
maintained by regularly referencing known battery ca- 
pacity points. When the fast charge termination point is 
detected, the state of charge indicator will be adjusted to 
indicate 100% capacity remaining. 
When the battery 
voltage reaches the end of discharge voltage point 
during discharge, the state of charge indicator will be 
adjusted to 0% if necessary. Additionally, the indicated 
battery capacity is restricted to a 0% to 100% range. 


3.1.2 Nominal 
Battery Capacity 


The MTA 11200 reserves storage space forthe battery's 
nominal (rated) capacity in the EEPROM at address 
NOMCAP. The MTA 11200 does not use this value for 
any calculations. It is included so that a smart host may 
query the MTA 11200 for the measured battery capacity 
and the nominal battery capacity. The host can then alert 
the user of impending battery 'wear out" or failure. 


3.1.3 Compensation 
Factors 


The MTA11200 applies several compensation factors to 
the state of charge calculation. 
Compensation 
is re- 


quired to maintain an accurate state of charge indication 
due to battery non-linearity and changing environmental 
conditions. These compensation factors are stored as 
lookup tables in the EEPROM. 


When the battery is being charged, the charge current is 
integrated and the state of charge indication is calcu- 
lated. However, since battery charging is not a 100% 
efficient operation, compensation is applied to the state 
of charge calculation. 
Charge 
efficiency 
is adjusted 
based upon the battery's present state of charge and it's 
temperature. Since most charging sources charge at a 
fixed rate, a separate compensation 
table for charge 
rate versus charge efficiency is not included. The com- 
pensation required for this rate is usually factored into 
the programmable 
temperature 
compensation versus 
charge efficiency table in EEPROM. 


Self-discharge 
compensation 
occurs 
when 
the 
MTA11200 is in the STANDBY state. The MTA11200 
measures the temperature once every 138 seconds and 
applies self-discharge compensation based on the tem- 
perature and the battery's state of charge. The self- 
discharge compensation factors are stored in a lookup 
table SDFT(31-Q) in EEPROM. 


Accuracy is improved by not applying compensation 
factors to the state of charge calculation 
when the 
battery is discharging. The MTA11200 maintains accu- 
racy by avoiding the cumulative application of compen- 
sation factors to both the measured capacity discharge 
cycle and subsequent discharges. Since the measured 
capacity is based upon an actual measured discharge 
cycle that typically occurs during actual use in the host 
equipment, the discharge rate is automatically factored 
into the state of charge calculation. 
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MTA11200 


3.2 Charge Controller 


The MTA11200 can control the complete charging regi- 
men for several popular types of rechargeable batteries. 
Nickel Metal Hydride (NiMH), Nickel Cadmium (NiCd), 
and Lead Acid (Pb) batteries are all supported. The 
intemal charge controller is designed to interface via a 
single wire to a "dumb" constant current source, thus 
forming a complete charging system. Two modes of 
charging are provided, a high current fast charge mode 
and a low current maintenance (or trickle) charge mode. 
Several "fail-safe" backup mechanisms are provided to 
ensure that the fast charge mode is not allowed to 
continue indefinitely. Fail-safe mechanisms for mainte- 
nance charge mode are also included to allow termina- 
tion of all charging if the battery voltage or temperature 
is out of range. 


3.2.1 Fast Charge 


The fast charge mode is designed to allow high current 
rapid charging of a battery pack. Several techniques for 
fast charge termination are supported. They are: nega- 
tive delta voltage (-<iV), rate of change in temperature 
with respect to time (dT/dt) and absolute voltage. Typi- 
cally, -<iV termination is used with NiCd batteries, dT/dt 
is used with NiMH batteries, and voltage detection is 
used with lead acid (Pb) batteries. The MTA11200 uses 
one of these principal fast charge termination methods 
based upon the data in EEPROM location BATINFO. 
BATINFO is read immediately following a power on reset 
or 
during 
execution 
of 
a 
reset 
command. 


The MTA11200 will request fast charging via the CHG 
pin when the battery's state of charge is less than the 
percentage value programmed 
in EEPROM location 
TONCHG. Once fast charging begins, TONCHG has no 
effect. Fast charging will continue until the program- 
mable limit for the selected principal fast charge method 
is reached or exceeded. Fast charging can also termi- 
nate if anyone 
of the fast charge fail-safe limits are 
exceeded. 
Maintenance charge mode will always be 
entered after the fast charge mode terminates. Addition- 
ally, the LED outputs P20,P40,P60 and pao are always 
enabled and indicating the battery state of charge when 
the MTA11200 is requesting fast charge and the battery 
is receiving fast charge current, regardless of the state 
of the LEOREQ input pin. 


3.2.2 Fail-Sate Mechanisms 


The MTA11200 provides several programmable 
fail- 
safe mechanisms. 
Temperature 
limits for both over- 
temperature 
and 
under-temperature 
are stored 
in 
EEPROM locations MAXTFC and MINTFC respectively. 
Fast charging will not be allowed if the battery tempera- 
ture exceeds the over-temperature limit or is less than 
the under-temperature limit. Fast charging will begin or 
resume when the temperature falls within these limits. 


Overvoltage and under-voltage protection is also pro- 
vided by the MTA 11200. The charge request is termi- 
nated if the battery voltage exceeds the value stored in 
EEPROM address MAXTV. 
Fast charge is prevented 
when battery voltage is less than the value stored in 
EEPROM location EOOV. 


A fast charge timer provides additional protection by 
limiting the amount of time that the fast charge mode 
may be active during anyone charging cycle. This timer 
runs anytime fast charge mode is active. If the timer 
value exceeds the maximum 
fast charge time limit 


programmed in EEPROM at address OVTIM, the state 
of charge indication is set to 100%, the timer is tumed off 
and is reset, and fast charge mode is terminated. 


3.2.3 Maintenance 
Charge Mode 


The maintenance charge mode allows the battery to 
continue charging and remain at or near a 100% state of 
charge during periods of discharge inactivity. The amount 
of current provided to the battery is determined by the 
extemal "dumb" current source. Fail-safe limits for bat- 
tery over-temperature (MAXTMC) and under-tempera- 
ture (MINTMC), as well as batteryovervoltage 
(MAXTV), 


can all suspend maintenance mode charging. 
Mainte- 


nance charging can resume when battery conditions fall 
back within the fail-safe limits. 


3.2.4 External Charge Current 
Source Control 


The charge rate is controlled by the CHG pin. The CHG 
pin is driven high when the MTA11200 is requesting 
maintenance (trickle) charge current. When driven low 
fast charge current is requested. 


The CHG pin isalso used to force the MTA11200 intothe 
ON state. This pin is sampled (I.e. becomes an input) 
once every 1.75 seconds. If the CHG pin is sampled 
high, then the MTA11200 is forced into the ON state. If 
it is sampled 
low, then no action is taken and the 
MTA11200 enters the standby state. 


3.2.5 tN Fast Charge Termination 


The MTA 11200's proprietary -!N algorithm makes ex- 
tensive use of filtering, signal processing techniques, 
and heuristics to avoid premature charge termination 
and to retain high sensitivity. The -<iVtermination thresh- 
old is programmable 
and is stored in EEPROM at 
location NOV. 


3.2.6 dT/dt Fast Charge Termination 


The MTA11200's dT/dt algorithm is designed to use an 
extemal thermistor to detect the rapid rise in tempera- 
ture that rechargeable batteries exhibit when full charge 
is reached. The MTA11200 measures the battery tem- 
perature and calculates the rate temperature 
rise with 
respect to time and compares this value to the pro- 
grammed OTOT threshold stored in EEPROM. When 
fast charging begins the measured dT/dt rate is allowed 
to exceed the programmed 
OTOT threshold for three 
minutes without causing afast charge termination. There- 
after, the MTA11200 will terminate fast charge mode if 
the measured dT/dt rate meets or exceeds 
OTOT and 
the dT/dt rate is increasing. 


3.2.7 Vohage Detection 
Fast Charge Termination 


When programmed for voltage detection fast charge 
termination, which is typically used with lead acid batter- 
ies, the MTA 11200 will terminate fast charge mode 
when the battery voltage meets or exceeds the limit 
programmed in EEPROM location LAFCV. This should 
not be confused with the MTA11200 
fail-safe 
over- 
voltage mechanism that will remove all charge current 
requests if a maximum voltage limit (MAXTV) is ex- 
ceeded. The MAXTV limit is a backup mechanism for 
fast charge termination and is always enabled. 
The 


LAFCV is a primary charge termination limit and is only 
active when voltage detection fast charge termination is 
enabled. 


3.3 AID Conversion 


The MTA 11200 uses a highly accurate timing system to 
control a timed voltage ramp analog-to-digital converter. 
Battery current, voltage and temperature are sampled 
every 1.75 seconds when the battery is in use. 


Current 
Source 


Each measurement cycle begins by performing a com- 
parator offset correction procedure. First the ZERO pin 
is driven high. Approximately 200 ms later an intemal 
timer begins counting and the RAMP pin is driven from 
a low to a tristated condition. 
Next, the MTA11200 


monitors theISENC, and REFC inputs for a state change 
from low to high. The elapsed time until the state change 
occurs is recorded for both inputs. The total duration of 
this offset correction 
measurement 
is constant 
and 
takes approximately 650 ms 


The measurement cycle continues and the AID conver- 
sion starts when the ZERO pin is driven to a low state. 
An intemal timer begins counting and the RAMP pin is 
driven from a low to a tristated condition. 
Next, the 


MTA11200 monitors the BATVC, (SENC, TEMPC, and 
REFC inputs for a state change from low to high. The 
elapsed time until the state change occurs is recorded 
for each input. The duration of this measurement cycle 
is constant and takes approximately 
650 ms These 


elapsed time measurements form the basis for the AID 
• 


conversions. Figure 3.3 illustrates this form of analog-to- 
• 


digital conversion. 


tri : j~ 
I--------------------------------------l~_M_T_A_1_1_2_00 
Ramp Pin 


I 
I 
I 
I 
I 


5V l 


5V 
~ 
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Serial EEPROM. These factors compensate for compo- 
nent tolerances and drift for the external circuits. Typi- 
cally, the calibration factors are determined and pro- 
grammed into the Serial EEPROM once the external 
circuits are connected to the MTA 11200 (Le. at board 
assembly). After calibration, the MTA 11200 based sys- 
tem is ready for use. Normally, it is then mated to a 
battery pack. 


An "AID Reference Poinr is set during the calibration 
process. It allows the MTA11200 to adjust for variations 
in the external voltage ramp overtime and temperature. 
The elapsed time value for the REFC input is stored in 
the EEPROM when the Set AID Reference Point com- 
mand is received. Typically, this command is only used 
once in the life of the TrueGauge system and usually 
occurs as the first step in the calibration process. During 
normal operation, the elapsed time valuesforthe BATVC. 
ISENC, and TEMPC inputs are compensated for the 
difference in the present value of REFC and the stored 
"AID Reference Poinf' value for REFC. Note, since the 
REFC input is used for drift compensation of the external 
voltage ramp, the other input of the comparator is kept 
at a constant voltage potential. 


Gain values for battery current, voltage, and tempera- 
ture inputs are stored in the EEPROM. 


Offset correction factors are also stored for the BATVC 
andTEMPC inputs. The offset measurementthatoccurs 
when the ZERO pin is driven high determines the "zero" 
point forthe ISENC input and eliminates the need for an 
offset correction factor for this input. 


Typically, the voltage, current, and temperature 
gain 
factors in EEPROM are set equallo one prior to perform- 
ing a calibration procedure. Also, the offset factors for 
voltage and temperature calculations are usually set to 
zero. Next, two known values of current (usually 0 mA 
and -1000 mAl are applied and the measured values 
reported by the MTA 11200 are recorded. A current gain 
correction factor is then calculated 
from the known 
values of current versus the reported values. This cor- 
rection factor is then written into the EEPROM. 


Correction factors for voltage and temperature 
mea- 
surement are determined in a similar manner. Addition- 
ally, offset factors for voltage 
and temperature 
are 
required to ensure that the zero temperature point and 
the zero voltage point are correct. 


During normal operation the MTA11200 uses allof these 
calibration factors to accurately compute the physical 
quantities of voltage, current, and temperature from the 
elapsed time measurements. 


The MTA11200 communicates battery status informa- 
tion via a 9600 baud RS-232 serial link. Itcan operate as 
a transmit only device via a single wire connected to the 
TXD pin and a ground return. Or, bidirectional commu- 
nication can occur via a three wire interface that uses the 
TXD, RXD, and CTS pins. Utilizing the three wire bidirec- 
tional mode dUring initial system calibration, and then 
switching to the single wire transmit only mode when the 
device is mated to a battery pack provides both a flexible 
and low cost battery monitoring solution. 


A data broadcast mode is provided that is especially 
useful when a single wire interface is desired. 
The 
MTA11200 will transmit battery status data spontane- 
ously when broadcast mode is enabled by setting the 
system 
parameter 
BRDINTVL 
to a nonzero 
value. 
BRDINTVL sets the interval between these data broad- 
casts. The amount of data that is sent during the broad- 
cast can either be a single byte that indicates 
the 
battery's state of charge in percent, or a 16 byte data 
packet that gives complete information about the bat- 
tery. The system parameter REPMODE controls the 
amount of data that is broadcast. 


Alternately, the three wire interface method uses aCTS 
handshake protocol that allows a host device to poll the 
MTA 11200 for battery status data. Additionally, several 
commands 
are available 
that 
can be sent to the 
MTA 11200 that allow the host to access the system 
control parameters stored in the EEPROM and perform 
other control functions. 


3.4.1 Data Format 


The following data format isbroadcast by the MTA 11200 
when transmitting data to the host. This 9600 baud 8,N,1 
RS-232 serial data format utilizes a 10-bit data frame 
that consists of 8 bits of message data and two control 
bits. All data to and from the MTA 11200 is binary coded. 


Data Frame Format: 


Bit 
Description 


1 
Start Bit (always 1) 


2 
Message Data Bit 0 , Isb 


3 
Message Data Bit 1 


4 
Message Data Bit 2 


5 
Message Data Bit 3 


6 
Message Data Bit 4 


7 
Message Data Bit 5 


8 
Message Data Bit 6 


9 
Message Data Bit 7, msb 


10 
Stop Bit (always 0) 


3.4.2 Battery Parameter 
Data Packet 


When transmitting the complete set of battery status 
information, 
the MTA 11200 transmits 
the following 


16-byte data packet: 


Byte 
(1) = Battery Voltage in mV (Isb) 


Byte 
(2) = Battery Voltage in mV (msb) 


Byte 
(3) = Battery Temperature in °C (Isb) 


Byte 
(4) = Battery Temperature in °C (msb) (signed) 


Byte 
(5) = Battery Current magnitude in mA (Isb) 


Byte 
(6) = Battery Current magnitude in mA (moo) 


Byte 
(7) = Battery State of Charge in % 


Byte 
(8) = Battery Error Byte 


Byte 
(9) = Battery Capacity in mA-hr (Isb) 


Byte (10) = Battery Capacity in mA-hr (msb) 


Byte (11) = Reserved 


Byte (12) = Reserved 


Byte (13) = Battery Status Byte 


Byte (14) = Measured dT/dt rate' 


Byte (15) = Reserved 


Byte (16) = Reserved 


To translate the battery data into physical quantities 
apply the following equations and decodes. 


Battery Voltage in volts = 


(Byte(2) , 256) + Byte(1) ) /1000 


Battery Temperature in °C = 


(Byte(3) /256) + Byte(4) 


Battery Current in Amps = 


(Byte(5) + (256 ' Byte(6) ) ) /1000 


Battery Capacity in Amp-hours = 


(Byte 9 + (256 'Byte(10))) 
/1000 


Measured dT/dt rate in degrees Celsius per minute = 
Byte (14) /32 


'Note: 
Byte 14 of the data packet is only valid when the 
MTA11200 isconfigured to use dT/dt fast charge 
termination, 
otherwise this byte is undefined 
(refer to Section 5.1) 


Battery Error Byte: 


Bit 
Description 
o 
Fast Charge Time Out Error, 1 = true, 0 = false 


1 
Low Temperature Error, 1 = true, 0 = false 


2 
High Temperature Error, 1 = true, 0 = false 


3 
Reserved 


4 
Overvoltage Error. 1 = true. 0 = false 


7.6.5 
0,0.1 = SOC below Low Battery Alarm (Low 
BAT) Limit (refer to Section 5.13) 


7,6.5 
0.1.0 = SOC below Critical 
Battery 
Alarm 


(CRITBAT) Limit (referto Section 5.5) 


7,6,5 
0,1,1 = SOC below Battery Shutdown Alarm 
(SHUTDN) Limit (refer to Section 5.29) 


7,6,5 
1.0,0 = SOC below EODV Limit (refer to Sec- 
tion 5.7) 


SOC = Indicated Battery State of Charge in 
percent 


Battery Status Byte: 


~ 
Description 
o 
Sign of Current. 1= Charging, 0 = Discharging 


1 
Reserved 


2 
Reserved 


3 
Reserved 


4 
Charge Current Request, 1 = turn on current, 
o = turn off current 


5 
Capacity 
Measurement 
Request, 
1 = true, 


0= false 
6 
Capacity Measurement in Progress, 1 = true, 
0= 
false 


7 
Fast Charge 
Request, 
1 = Fast charge, 


o = maintenance charge 
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Command 
Code, Data 
Units 


Read EEPROM byte 
FO.XX 
XX= Address 


Write EEPROM byte 
F1.XX.YY 
XX= Address 
YV= Data 


Send state of Charge (SOC) 
F2 
Percentage 


Send Firmware Revision 
F3 
Rev. Number (Hex) 


Send Battery Data 
F4 
16 bytes. mixed data types (see text) 


reserved 
FS 
nla 


reserved 
F6 
nla 


Execute Self-test 
F7 
nla 


start Capacity Measurement Cycle 
F8 
nla 


Clear Battery Errors 
F9 
nla 


Initialize EEPROM 
FA.XX•...•XX 
128 bytes 


Reset 
FB 
nla 


Set AID Reference Point 
FC 
nla 


Toggle EEPROM Lock 
FD 
nla 


High Speed Read EEPROM 
FE 
128 bytes 


Force Capacity to 100% 
FF 
nla 


This command reads one Serial EEPROM byte at the 
specified address. Upon receiving this command. the 
MTA11200 
issues 
a read command 
to the 
Serial 
EEPROM via the 
12C bus. The Serial EEPROM re- 
sponds with the data at the specified address. The 
MTA 11200 receives the serial EEPROM's 
response 
and in turn transmits this data in RS-232 format on the 
TXD pin. 


This command writes one byte of data to the Serial 
EEPROM at the specified address. Then a read of the 
EEPROM address is performed and the read data is 
transmitted back to the host. This adds additional secu- 
rity to the write operation by allowing the host to quickly 
verify that the data was written correctly. 


When the WRITE EEPROM command is received the 
MTA11200 
issues 
a write command 
to the 
Serial 
EEPROM on its 
12C bus port (SCL and SDA). The 
MTA11200 then issues a read command to the Serial 
EEPROM via the '2C bus. When the Serial EEPROM 
responds with the data at the specified address the 
MTA 11200 forwards the serial EEPROM's response to 
the host by transmitting this data in RS-232 format on 
the TXD pin. 


4.3 Send State Of Charge 
Code: F2h 


The MTA 11200 will transmit a single byte that indicates 
the battery's intemal state of charge in response to the 
Send State of Charge command. This byte is limited to 
the range from 0 to 64h inclusive and indicates from 0% 
to 100% state of charge. 


In response to this command the MTA11200 will trans- 
mit a single byte that indicates the intemal firmware 
version and revision. The most significantfourbits 
of this 


byte represent the version number and the least signifi- 
cant four bits indicate the revision status. 


Note: There is no predefined correlation between the 


firmware version and the MTA 11200 revision 
status as physically marked on the I.C. 
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The MTA11200 
transmits 
a 16-byte data packet in 
response to this command. This data provides complete 
information aboutthe present status of the battery. The 
data packet is defined as follows: 


Byte (n) 
Batlery 
Data 


1 
Voltage LSB 


2 
Voltage MSB 


3 
Temperature LSB 


4 
Temperature MSB 


5 
Current LSB 


6 
Current MSB 


7 
State of Charge 


8 
Error Byte 


9 
Measured Total Capacity Byte 1 


10 
Measured Total Capacity Byte 2 


11 
Reserved 


12 
Reserved 


13 
Flag Byte 


14 
Measured dT/dt 


15 
Reserved 


16 
Reserved 


4,6 
Start Capacity 
Measurement Cycle 


This command forces the initiation of a battery capacity 
measurement sequence in the MTA 11200 controller. 
First the intemal discharge count register is cleared. 
Next, the MTA 11200 will total all discharge current until 
the programmed End Of Discharge Voltage (EODV) is 
reached or the discharge is aborted (Le. charge current 
is detected or current goes to zero). If the discharge is 
aborted then this capacity measurement cycle is aban- 
doned. Otherwise, the measured total capacity iscopied 
to the intemal total capacity register and is also written 
to system parameter MEACAP in the EEPROM. 


This command clears the error bits in the Battery Error 
Byte. The Time-out 
Error, Under-temperature 
Error, 
Over-temperature 
Error, and Overvoltage 
bits are all 
reset to zero. Additionally, if an error bit was set prior to 
receipt of the Clear Battery Errors command the associ- 
ated error counter in EEPROM will be incremented when 
the error bit is reset. For example, if a Clear Battery 
Errors command is executed when the Over-tempera- 
ture error bit inthe Battery Error Byte is setthen the Over- 
temperature error bit in the Battery Error byte will be 
reset and the errorcounterHITERRS 
in EEPROM will be 


incremented. 


This command is used to initialize the MTA11200 sys- 
tem parameters in extemal EEPROM. The MTA11200 
accepts 128 bytes of data that will be written sequentially 
into the EEPROM starting at location O. The MTA 11200 
suspends all operations while receiving this data and 
writing itto the EEP ROM. This allows the EEPROM data 
to be initialized at a much faster rate than using the 
single-byte Write EEPROM command. 


This command initiates a power up reset sequence in 
the MTA 11200 controller. First, all intemal registers and 
operating parameters 
are cleared. Next, the present 
state of charge is reset to zero percent and the total 
battery capacity 
is read from 
location 
MEACAP 
in 
EEPROM and normal operation begins. This command 
has the effect of driving the CLR pin from low to high. 


This Set AID Reference command causes the MTA11200 
to measure and record a reference point for the AID 
converter. The MTA 11200 maintains the AID's high 
accuracy by using this reference point to compensate for 
drift in the AID circuits over time and temperature. This 
command is usually issued only once during the normal 
operating 
life of the battery monitoring 
system. 
It is 
normally issued as the first step of the AID calibration 
process. 


The MTA 11200 measures 
the amount of time that 
elapses from when it tristates the RAMP pin until the 
REFC pin goes to a high state. When the Set AID 
command is issued this value is then stored as the AID 
reference point in EEPROM at location REFVAL. Sub- 
sequently, 
during 
each conversion 
cycle the stored 
value is compared with the measured amount of time 
and all AID measurements 
are compensated accord- 
ingly. 


Command codes F5h and F6h are reserved and should 
not be sent to the MTA11200. Unpredictable operation 
may result if the MTA11200 receives one or more 
reserved command codes. 


4,12 Unspecified 
Commands 


Command codes not in the range of FOh to FFh are 
unspecified. The MTA11200 will completely ignore com- 
mand codes that are not within the range FOhto FFh. 


4.13 High Speed EEPROM Read 
Code: FEh 


This command reads 128 Serial EEPROM bytes starting 
with address 
O. Upon receiving 
this command 
the 
MTA 11200 enters a loop that reads a byte from the 
Serial 
EEPROM and transmits 
this data in RS-232 
format on the TRANSMIT pin. The loop continues until 
all 128 bytes have been read and transmitted. Note that 
in response to this command the data is transmitted 
spontaneously and cannot delayed or interrupted. 
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This 
command 
toggles 
the 
MTA11200's 
internal 
EEPROM Lock bit. The MTA 11200 responds by trans- 
mitting the new state of the EEPROM Lock where 00 
indicates 
locked 
and AA indicates 
unlocked. When 
locked all writes to the EEP ROM are disabled except for 
writes to EEPROM addresses 20h through 2Fh. 


4.15 Force 100% Capacity 
Indication 


This command forces the percent capacity indication to 
be set to 100% to force the MTA11200 to behave as ifthe 
battery is fully charged. 


This command is provided to aid manufacturing testabil- 
ityof end products. 


This command causes the MTA 11200 to initiate a self- 
test sequence. 
Upon completion of the self-test se- 
quence a single byte will be transmitted to indicate a test 
pass (AAh) or fail (any non-AAh data). Two checks of 
external circuits are included in the self test sequence. 
The state of RAMP pin is tested at 1 ms and 500 ms after 
the RAMP pin is driven from a low to tristate by the 
MTA11200. The RAMP pin must be low at the 1 ms 
sample point and high at the 500 ms sample point forthis 
test to pass. If these conditions are not satisfied the 
MTA11200 will return a 01Hcode indicating an AID ramp 
failure. 


Next, the LED outputs 
P20, P40, P60, and P80 are 
indiVidually driven low in sequence starting with P20 for 
a period of 125 ms each. 
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The MTA 11200 is designed to work in conjunction with 
an extemal Serial EEPROM that stores configuration 
parametersforthe 
MTA11200. TheMTA11200commu- 
nicates with the Serial EEPROM via the SCL and SOA 
pins. Standard FC bus communication protocol is used. 


The parameters that are stored in Serial EEPROM are 
variables that control the MTA11200's mode of opera- 


tion and variables that describe the characteristics of the 
battery that the TrueGauge is monitoring. These system 
parameters range from single-byte values to four-byte 
values. All multi-byte system parameters are stored in 
little endian (low byte first) format. 


All bvtes and bits declared as reserved must be pro- 
grammed to a value of zero (0)' 


Addr (hex) 
Parameter 
Addr (hex) 
Parameter 
Addr (hex) 
Parameter 
Addr (hex) 
Parameter 


0 
REVIO 
20 
TCC -Ib 
40 
CESC(O) 
60 
SOFT(O) Ib 


1 
8ATINFO 
21 
TCC-hb 
41 
CESC(1) 
61 
SOFT(O) hb 


2 
NOMCAP·lb 
22 
TOERRS 
42 
CESC(2) 
62 
SOFT(1) Ib 


3 
NOMCAP·lmb 
23 
LOTERRS 
43 
CESC(3) 
63 
SOFT(1) hb 


4 
NOMCAP·hmb 
24 
HITERRS 
44 
CESC(4) 
64 
SOFT(2) b 


5 
NOMCAP·hb 
25 
HIVERRS 
45 
CESC(5) 
65 
SOFT(2) hb 


6 
reserved 
26 
reserved 
46 
CESC(6) 
66 
SOFT(3) b 


7 
reserved 
27 
reserved 
47 
CESC(7) 
67 
SOFT(3) hb 


8 
MAXTFC 
28 
reserved 
48 
CESC(8) 
68 
SOFT(4) b 


9 
MINTFC 
29 
reserved 
49 
CESC(9) 
69 
SOFT(4) hb 


OA 
MAXTMC 
2A 
reserved 
4A 
CESC(10) 
6A 
SOFT(5) b 


08 
MINTMC 
28 
reserved 
48 
CESC(11) 
68 
SOFT(5) hb 


OC 
reserved 
2C 
MEACAP -Ib 
4C 
CESC(12) 
6C 
SOFT(6) b 


00 
MAXTV 
20 
MEACAP -1mb 
40 
CESC(13) 
60 
SOFT(6) hb 


OE 
reserved 
2E 
MEACAP-hmb 
4E 
CESC(14) 
6E 
SOFT(7) b 


OF 
reserved 
2F 
MEACAP -hb 
4F 
CESC(15) 
6F 
SOFT(7) hb 


10 
TONCHG 
30 
REFVAL-Ib 
50 
CEFT(O) 
70 
SOFT(8) b 


11 
CCCR 
31 
REFVAL - hb 
51 
CEFT(1) 
71 
SOFT(8) hb 


12 
USER 
32 
VSC-Ib 
52 
CEFT(2) 
72 
SOFT(9) b 


13 
USER 
33 
VSC - hb 
53 
CEFT(3) 
73 
SOFT(9) hb 


14 
USER 
34 
VOC-Ib 
54 
CEFT(4) 
74 
SOFT(10) b 


15 
USER 
35 
VOC - hb 
55 
CEFT(5) 
75 
SOFT(10) hb 


16 
OTOT 
36 
ISC-Ib 
56 
CEFT(6) 
76 
SOFT(11) b 


17 
OVTIM -Ib 
37 
ISC - hb 
57 
CEFT(7) 
77 
SOFT(11) hb 


18 
OVTIM - hb 
38 
TSC-Ib 
58 
CEFT(8) 
78 
SOFT(12) b 


19 
EOOV 
39 
TSC - hb 
59 
CEFT(9) 
79 
SOFT(12) hb 


1A 
NOV 
3A 
TOC-Ib 
SA 
CEFT(10) 
7A 
SOFT(13) b 


18 
LOW8AT 
38 
TOC - hb 
58 
CEFT(11) 
78 
SOFT(13) hb 


1C 
CRIT8AT 
3C 
reserved 
5C 
CEFT(12) 
7C 
SOFT(14) hb 


10 
SHUTDN 
30 
reserved 
50 
CEFT(13) 
70 
SOFT(14) hb 


1E 
REPMOOE 
3E 
LAFCV-Ib 
5E 
CEFT(14) 
7E 
SOFT(15) hb 


1F 
REPINTRVL 
3F 
LAFCV-hb 
SF 
CEFT(15) 
7F 
SOFT(15) hb 
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5.0 CONFIGURATION 
PARAMETERS 
(LISTED 
IN ALPHABETICAL 
ORDER) 


5.1 BATINFO 


Battery Information 
Byte 


EEPROM Address 
1h 


Allowable Range 
Number of cells = 0 to 15 


Typical Value 
NlA 


Stored Value 
(See below) 


The battery information byte specifies the number of 
series connected cells in the battery pack and the fast 
charge termination technique being used. Parallel con- 
nected cells should only be counted as one cell. 


Stored Value: 


Bits 7-4: 
Number of cells in the battery pack (0-15) 


Bits 3-2: 
Reserved (unused) 


Bit 1: 
Voltage Limit Fast Charge Termination, 


1 = enabled, 
0 = disabled 


Bit 0: 
Fast Charge Termination Technique, 


1= dT/dt, 0 = -IN 


Bits 0 and 1 are mutually exclusive. If voltage limit fast 
charge termination is enabled then bit 0 is ignored and 
-IN or dT/dt termination is disabled. 


Charge Cycles between Capacity 
Measurement 
Requests 


EEPROM Address 
11h 


Allowable Range 
0 to 255 
Typical Value 
5 to 25 


Stored Value 
Number of Charge Cycles 


The charge cycles between capacity measurement re- 
quests parameter specifies the number of full or partial 
charge cycles that occur before the MTA11200 will issue 
a request for a battery capacity measurement cycle. 


This request is indicated in the flag byte of the battery 
parameter's 
data 
packet. 
An 
internal 
counter 
is 
incremented each time fast charge mode is terminated 
by exceeding any of the following limits: dT/dt, -IN or 
absolute voltage. 
If a capacity measurement 
cycle 
successfully completes, then this intemal charge cycle 
counter will be reset to zero. 


Charge Efficiency 
vs. State of Charge 


EEPROM Addresses 
40h through 4Fh 


Allowable Range 
0 to 99.6% 


Typical Value 
N/A 


Stored Value 
(% Efficiency) • 25.6 


The charge efficiency versus state of charge table is a 
sixteen-byte lookup table. These compensation param- 
eters adjust for the less than 100% charge acceptance 
efficiency that batteries display when charging. This 
table contains charge efficiency factors forthe ranges of 
percent capacity from 0% to 3% and 90% to 100%, in 1% 
increments. The capacity range from 4% to 89% is 
compensated with a single factor. Each entry inthe table 
specifies charge efficiency as a fraction of 256. A value 
of 128 (07Fh) indicates 50% charge efficiency whereas 
a value of (OECh) indicates 92.2% charge efticiency. 


TABLE 3 - CHARGE EFFICIENCY VS STATE 
OF CHARGE COMPENSATION 


Addr 
Parameter 
Definition 


40h 
CESC(O) 
Cha eft. for cha state 0% 


41h 
CESC(1) 
Cha eft. for cha state 1% 


42h 
CESC(2) 
Cha eft. for cha state 2% 


43h 
CESC(3) 
Cha eft. for cha state 3% 


44h 
CESC(4) 
Chg eff. for chg state 4% to 89% 


45h 
CESC(5) 
Chg eft. for chg state 90% 


46h 
CESC(6) 
Chg eft. forchg state 91% 


47h 
CESC(7) 
Chg eft. for chg state 92% 


48h 
CESC(8) 
Chg eft. for chg state 93% 


49h 
CESC(9) 
Chg eft. for chg state 94% 


4Ah 
CESC(10) 
Chg eft. for chg state 95% 


4Bh 
CESC(11) 
Chg eft. for chg state 96% 


4Ch 
CESC(12) 
Cha eft. for cha state 97% 


4Dh 
CESC(13) 
Chg eft. for chg state 98% 


4Eh 
CESC(14) 
Cha eff. for cha state 99% 


4Fh 
CESC(15) 
Chg eft. forchg 
state 100% 
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Charge Efficiency 
versus Temperature 


EEPROM Addresses 
SOhthrough 5Fh 


Allowable Range 
0 to 100% 


Typical Value 
NlA 


Stored Value 
(% Efficiency) * 2.56 


The charge efficiency versus temperature 
table is a 
sixteen-byte lookup table. These compensation param- 
eters adjust for the decrease in charge acceptance 
efficiency that batteries typically exhib~ as their tem- 
perature 
increases. 
This table stores compensation 
factors for a temperature range of O°C to 60°C, in 4°C 
increments. 
Each entry in the table specifies charge 
efficiency as a fraction of 256, which indicates 100% 
charge efficiency. For example, a value of 128 (07Fh) 
indicates 50% charge efficiency and a value of 253 
(OFDh) indicates 98.8% charge efficiency. 


TABLE 4 - CHARGE EFFICIENCY VS CHARGE 
STATE COMPENSATION TABLE 


Add. 
Parameter 
Definition 


SOh 
CEFT(O) 
Chg eff. for temperature 0 °C 


51h 
CEFT(1) 
Chg eff. for temperature 4 °C 


52h 
CEFT(2) 
Chg eff. for temperature 8 °C 


53h 
CEFT(3) 
Chg eff. for temperature 12°C 


54h 
CEFT14l 
Cha eff. for temoerature 16°C 


55h 
CEFT(5) 
Chg eff. for temperature 20°C 


56h 
CEFT(6) 
Chg eff. for temperature 24°C 


57h 
CEFT(7) 
Chg eff. for temperature 28°C 


58h 
CEFT(8) 
Chg eff. for temperature 32°C 


59h 
CEFT(9) 
Chg eff. for temperature 36°C 


5Ah 
CEFT(10) 
Chg eff. for temperature 40°C 


5Bh 
CEFT(11) 
Chg eff. for temperature 44°C 


5Ch 
CEFT(12) 
Chg eff. for temperature 48°C 


SOh 
CEFT(13) 
Chg eff. for temperature 52°C 


5Eh 
CEFT(14) 
Chg eff. for temperature 56°C 


5Fh 
CEFT(15) 
Chg eff. for temperature 60°C 


Critical 
Battery 
Level 


EEPROM Address 


Allowable Range 


1Ch 


SHUTDN < CRITBAT 
< LOW BAT 


Typical Value 
3% 


Stored Value 
Integer lim~ in % 


A b~ in the FLAGBYTE portion of the battery parameter 
data packet is set when the battery state of charge is less 
than the CRITBAT lim~. The MTA11200 will indicate a 
cr~ical battery level and mask off a low battery level 
indication in response to state of charge falling below 
this Iim~. Conversely, the cr~icallevel 
indication will be 
cleared and the low battery level alarm will be unmasked 
when the state of charge exceeds the CRITBAT lim~. 
The programmed value of this parameter must be be- 
tween the lim~s set for the SHUTDN and LOWBAT 
parameters. 


Delta Temperature 
Delta TIme 


EEPROM Address 
16h 


Allowable Range 
0 to 7.97 °C/minute 


Typical Value 
0.5 to 1.0 °C/minute 


Stored Value 
(OC/minute) * 32 


This parameter specifies the rate of change in tempera- 
ture in degrees Celsius over a one minute interval that 
will terminate a fast charge request. For example, to set 
a 0.625 °C/minute rate termination Iim~the DTDT stored 
value would be .625 *32 = 20. 


End of Discharge 
Voltage 


EEPROM Address 
19h 


Allowable Range 
0 to 65.28 Volts 


Typical Value 
NiCd (1.0V to 1.1V) * (# of cells) 


NiMH (1.0V to 1.1V) * (# of cells) 


Pb (1.7V to 1.8V) * (# of cells) 


Stored Value 
(Lim~ in Volts) I 0.256 


The End Of Discharge Voltage parameter specifies the 
battery voltage when the battery is at 0% capacity. It is 
the value indicated by EODV is multiplied by 256mV to 
obtain the specified end of discharge voltage for the 
battery. This parameter establishes an end point forthe 
battery state of charge calculation. It also prevents the 
MTA11200 from requesting fast charge when the bat- 
tery voltage is less than EODV. A typical value for both 
NiCd and NiMH battery packs is calculated by multiply- 
ing 1.05V times the number of cells in the battery pack. 
This formula assumes 
that the cells are electrically 
connected in a series fashion. 
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EEPROM Address 


Allowable Range 


Typical Value 


Stored Value 


24h 


Oto 255 
o 


Number of Errors 


This parameter is incremented each time an Over Tem- 
perature Error, as defined by the MAXTFC or MAXTMC 
parameters, occurs and is acknowledged by a host via 
the RS-232 link. This error counter will be incremented 
immediately after the host issues a clear battery errors 
command if an over temperature error has occurred. 


Over Voltage Errors 


EEPROM Address 


Allowable Range 


Typical Value 


Stored Value 


25h 


Ot0255 
o 
Number of Errors 


This parameter is incremented each time an Over Volt- 
age Error, as defined by the MAXTV parameter, occurs 
and is acknowledged by the host. This error counter will 
be incremented immediately after the host issues a clear 
battery errors command if an over voltage error has 
occurred. 


Current Slope Correction 


EEPROM Address 
36h (Isb) and 37h (msb) 
Allowable Range 
0 to 65535 
Typical Value 
256 (100h) 
Stored Value 
Current Gain • 256 


The Current Slope Correction factor provides a fixed 
gain that is applied to the AID conversion calculation of 
the battery current. Gain factors from 1/256 to 255 are 
available. This factor is normally determined when the 
AID converter 
is calibrated. 
A value of 100h corre- 
sponds to a gain of 1.0. 


5,11 LAFCV 


Lead Acid Fast Charge Cutoff Voltage 


EEPROM Address 
3Eh (Isb) and 3Fh (msb) 


Allowable Range 
0 to 65.28V 
Typical Value 
Pb 
(2.5V to 2.7V) • number of 
cells 
Stored Value 
Volts /1000 


The Lead Acid Fast Charge Cutoff Voltage applies when 
voltage 
limit fast charge termination 
is specified 
by 
parameter BATINFO. This is a sixteen-bit 
(two-byte) 
value that indicates the termination 
voltage 
in 1mV 
increments. A value of 13450 (348A HEX) specifies a 
13.340V termination limit. 


Voltage limittermination isgenerally the preferred method 
of fast charge termination used with lead acid batteries. 


EEPROM Address 


Allowable Range 


Typical Value 


Stored Value 


23h 


Oto 255 
o 


Numbers of Errors 


This parameter is incremented 
each time an Under 
Temperature 
Error, as defined 
by the 
MINTFC 
or 
MINTMC parameters, occurs and is acknOWledged by 
the host. This error counter will be incremented immedi- 
ately after the host issues a clear battery errors com- 
mand if an under-temperature error occurs. 


Low Battery Warning 
Level 


EEPROM Address 
1Bh 


Allowable Range 
CRITBAT < LOWBAT < 100% 


Typical Value 
5% 
Stored Value 
Integer limit in % 


A bit in the ERRORBYTE portion of the battery param- 
eter data packet is set when the battery state of charge 
is less than the LOWBAT 
limit. This alarm sets the 
appropriate bit in ERRORBYTE. No other action by the 
MTA 11200 is taken in response to the alarm. The value 
of this parameter must be greater than the CRITBAT 
limit and less than 100%. 


Maximum Temperature 
for Fast Charge 


EEPROM Address 
8h 


Allowable Range 
0 to 255°C 
Typical Value 
40°C to 50 °C 


Stored Value 
Integer limit in °C 


Maximum Temperature for Fast Charge specifies the 
maximum temperature 
limit for fast charging. 
If the 
temperature 
exceeds this limit fast charging will be 
terminated. 
MAXTFC is an 8-bit (1-byte) value that 


indicates the temperature limit value in 1°C increments. 
For example, a value of 40 (28h) equals a 40°C 
over 
temperature fast charge termination limit. 


Maximum 
Temperature 
for Maintenance 
Charge 


EEPROM Address 
OAh 


Allowable Range 
0 to 255°C 


Typical Value 
50°C to 60 °C 


Stored Value 
Integer limit in °C 


.Maximum Temperature for Maintenance Charge speci- 
fies the maximum temperature 
limit for maintenance 
charging. Ifthe temperature exceeds this limit all charg- 
ing will be terminated. MAXTFC is an 8 bit (1 byte) value 
that indicates the temperature limit value in 1 °C incre- 
ments. For example, a value of 50 (32h) equals a 50°C 
over temperature charge termination limit. 


[,§>U'@OcrIJiJilOIlil@U'W 


4-16 


EEPROM Address 


Allowable Range 


Typical Value 


ODh 
o to 65.28 Volts 


NiCd (1.5Vto 1.7V) * (number of 
cells) 


NiMH (1.5Vto 1.7V) * (numberof 
cells) 


Pb 
(2.8V to 3.0V) * (number of 
cells) 


Stored Value 
(Limit in Volts) / 0.256 


Maximum Terminal 
Voltage specifies 
the maximum 
voltage allowed during charging. If the battery voltage 
exceeds this value then all charge requests, both fast 
and maintenance charging will be terminated and the 
CHG pin will be driven low. 


The actual terminal voltage 
is obtained by multiplying 
the value stored in MAXTV by 256mV. 


Measured Battery Capacity 


EEPROM Address 
2Ch(lsb) through 2Fh(msb) 


Allowable Range 
0 to 2,087,831 mA-hr 


Typical Value 
Nominal Battery Capacity 


Stored Value 
(Capacity in mA-hr) *(2057 .14) 


This parameter is updated with the measured capacity 
of the battery each time a manual or automatic battery 
capacity calibration is performed by the MTA 11200. A 
four-byte value is stored that indicates the measured 
capacity in mA-Sec /1.75. 


5.18 MINTFC 


Minimum Temperature for Fast Charge 


EEPROM Address 
9h 


Allowable Range 
0 to 255°C 


Typical Value 
10°C 


Stored Value 
Integer limit in °C 


Minimum Temperature 
for Fast Charge specifies the 
minimum temperature limit for fast charging. If the tem- 
perature is below this limit fast charging will be termi- 
nated. MINTFC is an 8-bit (1-byte) value that indicates 
the temperature limit value in 1°C increments. For ex- 
ample, a value of 10 (OAh) equals a 10°C under tem- 
perature fast charge termination limit. 


Minimum Temperature for Maintenance Charge 


EEPROM Address 
OBh 


Allowable Range 
0 to 255°C 


Typical Value 
0 °C 


Stored Value 
Integer limit in °C 


Minimum Temperature for Maintenance Charge speci- 
fies the minimum temperature 
limit for maintenance 
charging. If the temperature is below this limit all charge 
requests will be terminated. MINTMC is an 8-bit (1-byte) 
value that indicates the temperature limit value in 1 °C 
increments. For example, a value of 5 equals a 5 °C 
under temperature charge termination limit. 


Negative Delta Voltage Threshold 


EEPROM Address 
1Ah 
4 


Allowable Range 
0 to 255 mV 
Typical Value 
NiCd (2mV to 4mV) * (numberof 
cells) 


NiMH (1mVt02mV) 
* (number of 
cells) 
Pb 
n1a 


Stored Value 
Limit in mV 


The Negative Delta Voltage Threshold specifies the 
amount ot voltage decay that is required for termination 
of a fast charge cycle. This voltage decay is referenced 
from the peak voltage obtained during the fast charge 
cycle. !:>V termination must be enabled in the BATINFO 
parameter forth isthreshold voltage to control fast charge 
termination. 


Nominal Battery Capacity 


EEPROM Address 
2h(lsb) through 5h(msb) 


Allowable Range 
0 to 2,087,831 mA-hr 


Typical Value 
Nominal Battery Capacity 


Stored Value 
(Capacity in mA-hr) *(2057.14) 


This parameter is a storage location for saving the rated 
capacity of the battery pack. With this information a 
smart host can determine if the battery has reached end 
of life or is mallunctioning 
by comparing 
the rated 
capacity with the measured capacity. A four-byte value 
is stored that indicates the rated capacity in mA-Sec / 
1.75. This value is not used by the MTA11200 for any 
capacity calculations or error detection. 
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EEPROM Address 


Allowable Range 


Typical Value 


17h(lsb) and 18h(msb) 
o to 114686 seconds 


1.5 * «Nom. capacity mA-hr) 
* 36OOseclhr)/(Fast chg rate mAl) 


(Limit in seconds) / 1.75 


The override timer specifies the maximum amount of 
time that a fast charge cycle is allowed to be active. If a 
fast charge cycle exceeds this time limit a time-out error 
is logged. The time limit is calculated by multiplying the 
value of OVTIM by 1.75 seconds. 


5.23 REFVAL 


AID Reference Value 


EEPROM Address 
30h(lsb) and 31h(msb) 


Allowable Range 
0 to 64535 


Typical Value 
NlA 


Stored Value 
Reference level 


This location is where the MTA 11200 stores the AID 
reference value that is set during the AID calibration 
procedure. 


Reporting 
Mode 


EEPROM Address 
1Eh 


Allowable Range 
N/A 


Typical Value 
N/A 


Stored Value 
(See below) 


Reporting Mode defines the amount of data broadcast 
by the MTA11200 when broadcasting is enabled as well 
as th~pe 
of data.Q!!!put on the LED drive pins P20, 
P40, P60, and P80. REPMODE is defined as follows: 


Bits 
7 
Broadcast data select, 1= send entire 16-byte 
battery parameter packet. 0 = send only the 
single byte percent capacity indication. 


Reserved (program to 0) 


LED mode select, 1 = LED outputs are BCD 
code 0 through 10 that represents 0 percent to 
100 percent remaining battery capacity in 10% 
increments, 0 = LED outputs represent dis- 
crete >20%, >40%, >60%, and >80% levels. 


Bit 6-1: 


Bit 
0 


Report Interval 


EEPROM Address 
1Fh 


Allowable Range 
0 to 222.25 seconds 


Typical Value 
5.25 to 31.5 see 


Stored Value 
(Interval in seconds) / 1.75 


The report interval byte specifies the interval between 
battery data broadcasts on the RS-232 link. The time 
between data broadcasts from the MTA11200 will be 
1.75 seconds times the value contained in REP INTRVL. 
If a polling scheme of communication 
is desired then 
REPINTRVL can be set to zero and will battery data 
broadcasting will be disabled. 


5.26 Reserved 


Reserved Locations 


EEPROM Address 
Various 


Allowable Range 
0 


Typical Value 
0 


Stored Value 
0 


All location listed as RESERVED are not presently used 
by the MTA11200. They are however reserved for future 
versions or revisions of the TrueGauge family. These 
locations must be initially programmed to a value of zero. 
EEPROM locations defined as USER are provided for 
general purpose data storage. 


EEPROM Address 


Allowable Range 


Typical Value 


Stored Value 


Oh 
o to 255 
N/A 


Revision 


This location allows a revision identifier to accompany 
the system parameter EEPROM data set. When a set of 
system parameters are defined for use with a particular 
battery and/or system an identifier can be allocated and 
stored at location REVID. This allows unique data sets 
to be identified. This REVID location is provided as a 
convenience feature only and not used by the MTA11200 
for any control or monitoring functions. 
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EEPROM Address 


Allowable Range 


Typical Value 


Stored Value 


60h through 7Fh 


065535 


N/A 


K 


The self-discharge 
versus temperature 
lookup table 
provides the factor K, that is used in the self-discharge 
compensation calculation: 


Compensated SOC = SOC - (SOC· 
(K 1 224) 


SOC (State Of Charge) 


The battery state of charge is decreased once every 138 
seconds 
when battery 
is idle and this calculation is 
applied. The compensation factors cover the tempera- 
ture range of 0 ·C up to 60 ·C in 4 ·C increments. For 
temperatures in excess of 60 ·C, the 60·C compensa- 
tion factor is applied. Similarly, for temperatures below 
o ·C the 0 ·C factor is used. 


TABLE 5 - SELF-DISCHARGE VS 
TEMPERATURE COMPENSATION 
TABLE 


Addr 
Parameter 
Definition 


61h,60h 
SDFT(O) 
Self-dischg cons!. for O·C 


63h,62h 
SDFT(1) 
Self-dischg cons!. for 4 ·C 


65h,64h 
SDFT(2) 
Self-dischg cons!. for 8 ·C 


67h,66h 
SDFT(3) 
Self-dischg cons!. for 12 ·C 


69h,68h 
SDFT(4) 
Self-dischg cons!. for 16·C 


6Bh,6Ah 
SDFT(5) 
Self-dischg cons!. for 20·C 


6Dh,6Ch 
SDFT(6) 
Self-dischg cons!. for 24·C 


6Fh,6Eh 
SDFT(7) 
Self-dischg cons!. for 28 ·C 


71h,70h 
SDFT(8) 
Self-dischg cons!. for 32 ·C 


73h, 72h 
SDFT(9) 
Self-dischg cons!. for 36 ·C 


75h, 74h 
SDFT(10) 
Self-dischg cons!. for 40 ·C 


77h, 76h 
SDFT(11) 
Self-dischg cons!. for 44 ·C 


79h, 78h 
SDFT(12) 
Self-dischg cons!. for 48 ·C 


7Bh,7Ah 
SDFT(13) 
Self-dischg cons!. for 52 ·C 


7Dh,7Ch 
SDFT(14) 
Self-dischg cons!. for 54 ·C 


7Fh,7Eh 
SDFT(15) 
Self-dischg cons!. for 60 ·C 


Shutdown 
Alarm Limit 


EEPROM Address 
1Dh 


Allowable Range 
0 < SHUTDN < CRITBAT 


Typical Value 
1% 


Stored Value 
Integer limit in % 


A bit in the FLAGBYTE portion of the battery parameter 
data packet is set when the battery state of charge is less 
than the SHUTDN limit. This alarm sets the appropriate 
bit in FLAGBYTE. The MTA 11200 will mask off a battery 
critical level indication in response to this alarm. The 
alarm will be cleared and the critical level alarm will be 
unmasked 
when the state of charge 
exceeds 
the 
SHUTDN level. The value of this parameter must be 
between 0 and the CRITBAT limit. 


Total Charge Cycle Counter 


EEPROM Address 
20h (Isb) and 21h (msb) 


Allowable Range 
0 to 65535 
Typical Value 
0 (initial) 


Stored Value 
Number of charge cycles 


This parameter is incremented each time a charge cycle 
is terminated by exceeding a dT/dt, 
-!:N or absolute 
voitage limit threshold. 


Temperature 
Offset Correction 
Factor 


EEPROM Address 
3Ah (Isb) and 3Bh (msb) 


Allowable Range 
-32766 (SOh)to 32767 (7Fh) 


Typical Value 
0 


Stored Value 
Voitage offset in ·C 1256 


The Temperature Offset Correction factor prOVides a 
fixed value that is added to the AID conversion calcula- 
tion of the Temperature. Offset factors from (-327661 
256) to (327671256) ·C are available. 
This factor is 
normally determined when the AID converter 
is cali- 
brated. 
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EEPROM Address 


Allowable Range 


Typical Value 


Stored Value 


22h 
o to 255 
o 


Number of Errors 


This parameter is incremented each time a Time Out 
Error, as defined by the OVTIM parameter, occurs. This 
error counter will be incremented 
when the error is 


acknowledged 
when the host issues a Clear Battery 


Errors Command. 


EEPROM Address 


Allowable Range 


Typical Value 


Stored Value 


10h 
o to 100 
90% to 96% 


Threshold in % 


This parameter controls the point at which the charge 
controller will enter fast charge mode. 


Temperature Slope Correction 


EEPROM Address 
38h (Isb) and 39h (msb) 


Allowable Range 
0 to 65535 


Typical Value 
256 (100h) 


Stored Value 
Temperature Gain' 
256 


The Temperature Slope Correction factor provides a 
fixed gain that is applied to the AID conversion calcula- 
tion of the battery temperature. Gain factors from 1/256 
to (255+255/256) are available. This factor is normally 
determined when the AID converter is calibrated. 


User Storage 


EEPROM Address 
12h through 15h 


Allowable Range 
NlA 


Typical Value 
N/A 


Stored Value 
N/A 


These locations are not used by the MTA 11200 and will 
not be used by future versions. They are available to the 
user for general purpose data storage. 


Voltage Offset Correction 


EEPROM Address 
34h (Isb) and 35h (msb) 


Allowable Range 
-32768 (80h) to 32767 (7Fh) 


Typical Value 
0 


Stored Value 
Voltage offset 
in mV 


The Voltage Offset Correction factor provides a fixed 
value that is added to the AID conversion calculation of 
the battery voltage. Offset factors from -32768mV to 
32767mV are available. This factor is normally deter- 
mined when the AID converter is calibrated. 


Voltage Slope Correction 


EEPROM Address 
32h (Isb) and 33h (msb) 


Allowable Range 
0 to 65535 
Typical Value 
256 (100h) 


Stored Value 
Voltage Gain • 256 


The Voltage Slope Correction factor prOVides a fixed 
gain that is applied to the AID conversion calculation of 
the battery voltage. Gain factors from 1/256 to (255+255/ 
256) are available. This factor is normally determined 
when the AID converter is calibrated. 
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The MTA 11200 incorporates 
an on-chip 
Power On 
Reset Timer which provides 
internal chip reset. An 
internal time~ins 
counting when a logic high level is 
detected on CLR. The MTA11200 remains in the reset 
state while this timer is running or anytime CLR is low. 
The timer expires 18mS (typical) after CLR goes high. 
Then the MTA11200 emerges from the reset condition 
and the remaining battery capacity is set to 0%. 


In order to ensure proper power-on reset when a battery 
provides the Voo power source, an external voltage 
level detector or "brown-ouf' 
circuit is recommended. 


This prevents CLR from reaching a valid logic high level 
when Voo less than Voo minimum, which can occur 
while the battery is in storage for long periods and its 
voltage is very slowly decaying to zero. 


The voltage level detector or brown out circuit should 
ensure that CLR is held low anytime Voo is less than the 
minimum operational Voo level for the MTA11200 and 
any extemaII.C .•s.Thiswili prevent erroneous operation 
and inaccurate capacity gauging. 


An example of a MTA 11200-based battery monitoring 
and charging system is shown inthe following schematic 
(Document number 11200DTS). 


This example system provides battery state of charge 
information via the TXD output and the display LEDs. In 
normal operation, only three connections are required 
between the host and the battery subsystem. LOAD+ 
provides the charge and discharge current path and 
LOAD- is the system ground. TXD allows the host to 
receive battery status data in real time and connects to 
a receiver in the host. If the battery charging source is 
included in the host system then an additional connec- 
tion, to CHG, can be used. 


To connect to an external charging source (e.g. stand 
alone charger) only 3 connections between the charger 
and the battery system are required. 


Inthis case the connection to the CHG is needed and the 
TXD connection usually is not needed. Again, LOAD+ 
4 
provides the charge and discharge current path and 
LOAD- is the system ground. 


Additionally, the DISREQ output can control a discharge 
circuit within the charger (or host for that matter) to 
instruct the charger to fully discharge (to EODV) the 
battery. 


The external AID components and the Serial EEPROM 
are routinely powered down to reduce power consump- 
tion when the MTA 11200 is in the STANDBY state. The 
IDLE pin controls a transistor that switches the power 
bus to these circuits. The Serial EEPROM, comparators, 
current source, and their associated pull-up resistors 
and bias resistors are powered by this secondary power 
bus. 


The MTA11200, voltage regulator (U4), and dropout 
voltage detector are always powered up as long as there 
is sufficient battery power. The voltage regulator pro- 
tects the entire system from the battery voltage. It also 
provides the voltage that the AID is referenced to. 


The voltage detector forces the entire battery monitor 
system to shut down if the battery voltage falls below the 
operational 
limits of the I.C.'s in the system. This is 
added insurance against data corruption for both trans- 
mitted and stored data. 
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7.1 Component 
Selection 


7.1.1 Current Sense Resistor 


The MTA 11200's programmable 
features 
accommo- 
date a wide variety of battery types and load currents. 
The current slope correction factor stored in EEPROM 
defines the gain factor that the MTA 11200 applies to the 
current measurement. By calibrating this gain factor and 
selecting the current sense resistor 
(R6) maximum 
sensitivity and dynamic range in the current measure- 
ments can be achieved. 


The maximum discharging current and the maximum 
charging current expected in normal operation are the 
parameters that determine the required value of the 
current sense resistor. The resistor for the example 
circuit is selected based on the following formula: 


Rsense <= 0.5V Ilmax 


The 0.5V maximum voltage drop limits the power dissi- 
pated by the resistor to an acceptable value. It also 
results in good measurement resolution. 


7.1.2 Thermistor 


A wide variety of linear thermistors can be used in a 
MTA 11200-based system. The programmable gain and 
offset factors for thermistor 
input can be adjusted to 
obtain accurate temperature readings. The thermistor 
and it's associated bias resistors should be selected to 
ensure that voltage swing at the AID comparator always 
remains within the range of the voltage ramp. 


7.1.3 Serial EEPROM 


The MTA11200 
communicates 
with a 1Kbit Serial 
EEPROM organized as 128 bytes x 8 bits via standard 


12C protocol. 
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The MTA11200 development system is a full featured 
design environment 
to allow the system designer to 
design, validate and release full production products. 
The system includes: 


• 
NiCd 
and 
NiMH 
battery 
packs, 
complete 
with 
MTA11200 intelligent battery management systems 
attached. 


• 
Stand alone MTA11200 intelligent battery manage- 
ment system ready for customization. 


• 
Charger/discharger 
control board with PC RS-232 
cable and battery interface cable. 


• 
MTA11200 TrueGauge™ 
design software package 
for Windows™ 3.1 operating system. 


• 
International power supply 


• 
Complete documentation 


The 
MTA11200 development 
system 
part number 
DV114001 has been designed to allow the userto collect 
real time data from the TrueGauge system and display 
it in a graphical format. In addition the software can log 
the data to disk for muitiple design comparison or to 
archive current resuits for study at a latertime. The data 
displayed 
can be one of four parameters: 
Voitage. 


Capacity, Temperature or Current. Voitage and Capac- 
ity are displayed concurrently as shown in Figure 8.1. 
The vertical scale shows capacity in percent between 
0.0 (0%) and 1.0 (100%). The voitage percell is shown 
on the scale above 1.0 and is in voits. 
Note that time 
increases to the left. Temperature is displayed in Figure 
8.2 and current is displayed in Figure 8.3. The graphs 
read like a strip chart recorder with time increasing to the 
left. 


- 
- 
- 
- 
- 
- MTAl1200P~rio~rnance 
- 
- 
- 
a~· 


TrueGauge is a trademark of Microchip Technology Inc. 
Windows is a trademark of Microsoft Corporation 
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In addition to the display and recording of data the 
software allows the user to easily configure the system 
EEPROM. The data contained within the EEPROM is all 
ofthe system parameters that control how the MTA11200 
operates. To ease in the setup and archiving of this data, 
the TrueGauge development software has a user friendly 
configuration panel. This allows the user to easily con- 
figure the system for use with their specific battery 
packs. An example of the control panel to support this 
operation is shown below in Figure 8.4. 


MTA 11200 Configuration 
Data 
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1_.• 1 ~ 


jM;n Maint 
1 _1••_l_LJ 
~I ••_1 Q::J 


End of Discharge 
Voltage 


1V0its 
1 __1•....•. 
l--"'C 1 
...•. 
I.•..•+1105.6321 


Ambient temperature under 
·55°C to +125'C bias 


Storage temperature 
·65°C to +150'C 


Voltage on any pin with 
-0.6V to (Voo +0.6V) 


respect to Vss (except Voo and CLR) 


Voltage on CLR pin with 
respect to Vss 


Voltage on Voo with 
respect to Vss 


Total power dissipation (Note 2) 


Maximum current out of Vss pin 


Maximum current into Voo pin 


Maximum current into input pin 


Maximum output current sinked 
by any 1/0 or output pin 


Maximum output current sourced 
by any 1/0 or output pin 


Notes: 


800mW 


150 mA 


1. Voltage spikes below Vss at the CLR pin, inducing 


currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-1000 
should be used 


when applying a "low" level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW 


for the package. The total power dissipation is calcu- 
lated as follows: Pdis= voo x (100- LIOH) + L{(VOO- 
VOH)X 10H}+L(VOLX 100. 


t Notice: 
Stresses above those listed under· Absolute MaxImum Ratings· may cause p~rrnanent damage to th& 
dellice. This is a stress ratiQgonly and fUQctio?-9I~@tioI\.fthe 
~~ic,~Uh<¥1!t0r 
aryyo~,r¢Ohditions 
above those indicated in tM operation listings Of this specification Is notimpliei£ 
ExPosure to maximum 


rating conditions for extended periods may affect device reliability. 
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DC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Supply Voltage 
Voo 
3.0 
6.25 
V 
Fosc = DC to 4 MHz 


Vnn start voltage to guarantee 
VPOR 
Vss 
V 
power-on reset 


Vnnrise rate to guarantee power- 
SVoo 
0.05(1) 
V/mS 
on reset 


Supply Current 
100 
1.8 
3.3 
mA 
Fosc = 4 MHz, Voo = 5.5V 


ISTBY(2) 
12 
18 
lJ.A 
STANDBY Mode, Fosc= MHz, 
Voo = 5.0V 


Input Low Voltage 


CLR (Schmitt trigger) 
VILMC 
.15 Voo 
V 


OSC1 (Schmitt trigger) 
VILOSC 
.3 Voo 
V 


All other Inputs 
VIL 
.2Voo 
V 


Input High Voltage 


CLR (Schmitt trigger) 
VIHMC 
.85 Voo 
Voo 
V 


OSC1 (Schmitt trigger) 
VIHOSC 
.7Voo 
voo 
V 


All other Inputs 
VIH 
.45 Voo 
Voo 
V 


Input Leakage Current 


CLR 
IiLMCL 
-5 
lJ.A 
VPIN= Vss + 0.25V 


CLR 
IILMCH 
0.5 
+5 
lJ.A 
VPIN= Voo 


OSC1 (Schmitt trigger) 
IILMCH 
0.5 
+3 
lJ.A 
Vss":;VPIN":; Voo 


All other Inputs 
IlL 
-1 
0.5 
+1 
lJ.A 
Vss":;VPIN":; Voo 


Output Low Voltage 


All other Outputs 
VOL 
0.6V 
V 
IOL= 1.6 mA, Voo = 4.5V 


Output High Voltage 


All other Outputs 
VOH 
Voo- .7 
V 
IOH=-1.0 mA, Voo = 4.5V 


Note 1: 
These parameters are based on characterization and are not tested. 


Note 2: 
The supply current in STANDBY mode is measured with all outputs unconnected and inputs tied to Voo or Vss. 
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FIGURE 
10.1.1 - TYPICAL 
ISTBY VS Voo 
AT 25 °C 
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<" 
10 
2- 
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6 


4 


2 


o 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 


VDD (Volts) 


o 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 


Voo (Vons) 
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11.40 


:z::> 1.20 


0.60 
2.5 
4.0 
4.5 
Voo (volts) 


4.50 


4.00 


3.50 


~ 
3.00 
~ 
~ 
2.50 


-':> 2.00 
I:> 1.50 
Vll, max (.40·C to 
5'C) 


Vtl,1YP, 
25'C 


Vll, min (-4Q'C to 85'C) 
0.50 


0.00 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 


Voo (volts) 


Note: 
These 
input pins have Schmitt trigger 
input buffer. 
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FIGURE 
10.1.6 - TRANSCONDUCTANCE 
(Gy> OF OSCILLATOR 
vs Voo 


-6 


-10 


Min@ .•.85"C 


-10 
1 
<' 
~ 


.5..-20 
~ 


-15 


-30 


-20 


-40 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 


VOH (Volts) 
1.5 
2 
VOH (Volts) 
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-40 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
VOH (Volts) 


<" 
50 
.§. 


~ 
40 


0.5 
1 
1.5 
2 
2.5 
3 
VOL (Volts) 


45 


40 


Max@-40"C 


35 


30 
1 
25 


~ 
20 


Typ@25'C 


15 


Min CI +85"C 


10 


5 


0 


0 
0.5 
1.5 
2 
2.5 
3 


VOL (Volts) 


Typical 
Capacitance 
(pF) 


Pin Name 
28L PDIP 
28LSOIC 
(600 mil) 


INPUTS and II0s 
5 
4 


CLR 
17 
17 


OSC1 
6 
3 


OSC2 
4 
3 
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AC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Oscillator Frequency 
Fosc 
DC 
4 
MHz 


RESET Timing 


CLR pulse width (low) 
TMCL 
100 
ns 


Oscillator Start-up Timer Period 
TOST(Note 1) 
9 
18 
30 
ms 
Voo= 5.0 V 
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k--- 
----~ 
_/ 
\~---~;-- 
~,+-2,=0-,~,~ 


AID Inputs 
Sample Window 


Paramo 
Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions: 


No. 
Standard Cond~ions 


unless otherwise stated 


1 
ZERO 
Pulse 
Period 
Tp:ZRO 
1.65 
1.75 
1.85 
S 


2 
ZERO 
Pulse 
Width 
TW:ZRO 
840 
850 
860 
ms 


3 
RAMP 
Output 
Delay 
TO:RMP 
200 
ms 


4 
RAMP 
Pulse 
Width 
TW:RMP 
640 
650 
660 
ms 


5 
BATVC, 
REFC,ISENC, 
TEMPC 
AID Input 
Window 
Delay 
Time 
TO:AOJ 
20 
lIS 


6 
BATVC, 
REFC. 
ISENC, 
TEMPC 
AID 
Input 
Window 
Width 
TW:AOJ 
640 
).IS 
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-----~ 


CTS 
~ 
\~_\~ 
/ 
\ 
\ 


~2~ 
~2~ 


Command 
k.- 3 ~ 
Broadcast 
Response 
I" /I 
Data 
CD 
c-\ 
K5~ 
~4~ 


c-\command 


~ 
7 ~ 


Start 
Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
BitS 
BitS 
Bit7 
Stop 
Bit 
Bit 


~ 
8 ~ 


Start 
Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit4 
Bit S 
BitS 
Bit 7 
Stop 
Bit 
Bit 


Paramo 
Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions: 
No. 
StandardConditions 
unlessotherwisestated 


1 
CTS Pulse Period 
Tp:CTS 
1.65 
1.75 
1.85 


2 
CTS Pulse Width 
TW:CTS 
2 
12 
ms 


3 
RXD data to TXD (broadcast) 
TO:CTS 
1 
ms 
Delay 


4 
TXD (broadcast) Data Packet 
TW:TXB 
16.5 
17.5 
ms 
Width 


5 
TXD (Cmd Resp.) Data Packet 
TW:TXC 
17.5 
ms 
Width 


6 
RXD Data Packet Width 
TW:RX 
1 
J.IS 


7 
TXDBitTime 
TT:TX 
90 
100 
110 
Jis 
9600 Baud 


8 
RXDBitTime 
TT:RX 
60 
110 
J.IS 
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k----- 
ou:put 
-----~ 


GHG 
~ 
~ 
\~~ 
__ 


2 


Paramo 
Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions: 


No. 
Standard Cond~ions 


unless otherwise stated 


1 
CHG Output 
Pulse 
Period 
Tp:CRG 
1.65 
1.75 
1.85 
s 


2 
CHG Output 
Low (Input 
TOL:cRG 
1 
2 
3 
~s 
Precond~ioning) 
Time 


3 
CHG Input 
Setup 
Time 
Tlw:cRG 
7 
~s 


4 
CHG Input Window 
Time 
TSU:CRG 
1 
2 
~s 
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~ 
~3 


\~------~ 


~7~8~ 
~9~ 
X~ 
~~ 


~10~ 
XXXXXXXXXXXXX 
X 
_ 


Paramo 
Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions: 
No. 
Standard Condttions 


unless otherwise stated 


1 
Clock 
high time 
TH:SCL 
4.0 
I!s 


2 
Clock 
low time 
TL:SCL 
4.7 
I!s 
3 
SCL 
and SDA 
rise time 
TR:SCD 
300 
I!s 


4 
SCL and SDA fall time 
TF:SCD 
300 
I!s 


5 
Start 
condttion 
setup 
time 
TSU:STA 
4.7 
/!S 


6 
Start 
cond~ion 
HOLD 
time 
THD:STA 
4.0 
I!s 


7 
Data 
input hold time 
THD:DAT 
0 
I!s 
8 
Data 
input setup 
time 
TSU:DAT 
250 
I!s 


9 
Stop 
cond~ion 
setup 
time 
TSU:STO 
4.7 
/!S 


10 
Output 
valid from 
clock 
TAA 
3.5 
I!s 


11 
Bus free time 
TauF 
4.7 
I!s 


Capacitive 
loading 
Ca 
400 
pF 
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K 
~ 
xxxxxxx>c=><-xxxx--xxxxxxx---xxx-xxxx~-xxx~xx-X:=:XXxxx 


H k---3---~ 
-----\~ 
r- 


Paramo 
Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions: 


No. 
StandardCond~ions 


unless otherwise stated 


1 
LEDREQ 
Input 
Sample 
Period 
Tp:LRO 
1.65 
1.75 
1.85 
S 


2 
LEDREQ 
Input 
Window 
TW:LRO 
1 
!J.S 


3 
P20, 
P40,P60, 
P80 
TpW:LED 
1.65 
1.75 
S 
OutpU1 Pulse 
Width 


12.0 PACKAGING 
DIAGRAMS 
AND DIMENSIONS 


See Section 
11 of the Data 
Book. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


xy 


28L PDIP (600 mil) 
300 mil SOIC (Gull Wing Lead) 
28L PDIP (300 mil) 
SSOP (209 mil) 


Temperature 
Range: 
O'C to +70'C (T for tape/reel) 
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MICROCHIP 
MTA41110 


• Single-chip two-button mouse or trackball controller 


• 10 KHz IBM"' PS/2"interlace 


• IBM PS/2 mouse compliant 


• Selectable Mouse or Trackball resolutions 


• Strobed motion encoders for reduced system power 
consumption 


• Motion sampling rate of 8700 Samples/second 


• Proprietary anti-jitter algorithm simplifies motion 
encoder interlace 


• Available In: 
- 
18-lead 300 mil PDIP 
- 
18-lead 300 mil SOIC 
- 
20-lead 209 mil SSOP 


NC 
__ 
DlED 


--VOD 


-- 
MClR 


--Vss 
-HOR1 
-HORZ 
_ABTN 
-PBTN 


DATA --- 
ClK 
--- 
OSC1- 
OSC2 
- 
Voo 
- 
QDRV 
- 
DBTN 
- 
VERT1- 
VERT2_ 


The MTA41110 isthe heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
an IBM PS/2 compliant mouse or trackball controller. 
The mouse select and drag operation can be accom- 
plished with a trackball by using the optional drag lock 
input and drag lock lED. 
This allows for one handed 
select and drag operation when using a trackball. 


The MTA41110 is an 18-lead low-power CMOS inte- 
grated circuit. Combined with a few simple extemal 
components, a complete mouse or trackball system can 
be realized. 


NC 


- 
DlED 
.,...- Voo 


-- 
MClR 
-Vss 
-Vss 


- 
HOR1 
_ 
HOR2 
_ 
ABTN 
_ 
PBTN 


IBM and PS/2 are registered 
trademarks 
of IBM Corp. 


The microcode 
contained 
in this product is copyrighted 
«)1993. 
all rights reserved. 


20 
DATA--- 
19 
ClK--- 
18 
OSC1 __ 


17 
OSC2- 


16 
Voo 
-- 
15 
Voo 
__ 


14 
QORV- 
13 
OBTN- 
12 
VERT1- 
11 
VERTZ- 
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PIN NAME 
TYPE 
DESCRIPTION 


NC 
No Connect 
This pin should be left unconnected 


QDRV 
Output 
Active high strobed encoder drive 


HOR1 
Input 
Horizontal quadrature input #1 


HOR2 
Input 
Horizontal quadrature input #2 


PBTN 
Input 
Primary mouse button. Active low, 0 = button depressed 


ABTN 
Input 
Altemate mouse button. Active low, 0 = button depressed 


DBTN 
Input 
Optional trackball drag lock button. Active low, 0 = button de- 
pressed. For mouse operation connect this pin to VDD 


VERT1 
Input 
Vertical quadrature input #1 


VERT2 
Input 
Vertical quadrature input #2 


DlED 
Output 
Optional trackball drag lED. For mouse operation this pin is a no 
connect and should be left unconnected 


OSC1 
Input 
4 MHz crystal or ceramic resonator connection 


OSC2 
Output 
4 MHz crystal or ceramic resonator connection 


DATA 
I/O 
Bi-directional data port for PS/2 


ClK 
Input 
PS/2 data clock input 


MClR 
Input 
A "low" voltage on this pin causes a reset cond~ion for the 
MTA4111 0 controller 


VDD 
Pwr 
+sv 


Vss 
Pwr 
Ground 


Upon power-up, the MTA41110 mouse controller ini- 
tiates an intemal 
reset sequence. 
First, all intemal 


registers and communication parameters are cleared. 
Next, the status registers are set to the default cond~ion. 
Finally, if the MTA41110 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a OOhin response. This notifies the host 
that the initialization is complete and that the controller 
is a standard mouse type. This is to ensure compatibility 
w~h some hosts that do not follow the normally recom- 
mended behavior of issuing a Reset command as the 
first command after power-up. 


The MTA41110 always confirms reception of a com- 
mand sent by the host by retuming an acknowledge byte 
(FAh). If the host interrupts the transmission 
of the 
acknowledge 
byte, the MTA41110 discards the com- 
plete command. The MTA4111 0 isthen ready to receive 
and acknowledge the next command. Two exceptions to 
the acknowledge 
after command received rule exist. 


The MTA41110 does not issue an acknowledge upon 
receipt of e~her the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 


Command 
Summary: 


Command 


Reset 
Resend 
Set Default 
Disable Reporting 
Enable Reporting 
Set Report Rate 
Read Device Type 
Set Remote Mode 
Set Wrap Mode 
Reset Wrap Mode 
Read Data 
Set Stream Mode 
Status Request 
Set Resolution 
Set Scaling 
Reset Scaling 


Code Data 


FFh 
FEh 
F6h 
FSh 
F4h 
F3h, XXh 
F2h 
FOh 
EEh 
ECh 
EBh 
EAh 
E9h 
E8h, XXh 
E7h 
E6h 
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This 
command 
initiates 
a reset 
sequence 
in the 
MTA41110 mouse controller. First, all intemal registers 
and communication 
parameters are cleared. Next, the 
status registers are set to the default condition. Finally, 
the MTA4111 0 transmits a AAh followed by a OOh,this 
informs the host that the initialization is complete and 
that the controller is a standard mouse type. 


Anytime the MTA41110 controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a Resend is received by the 
controller 
it will clear 
its motion 
and displacement 
counters. 


The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
command, it will retransmit the last data packettransmit- 
ted. If the last packet transmitted was a Resend com- 
mand, the packet prior to the last packet will be re- 
transmitted. 


The Set Default command 
re-initializes all controller 
parameters to the power-up state. The controller initial- 
izes the following status registers. 


Report rate: 
100 reports per second 
Scaling: 
Linear 
Mode: 
Streaming 
Resolution: 
Physical Resolution /2 
Reporting: 
Disabled 


This command does not initiate any self-test diagnos- 
tics. The controller remains in the disabled state until 
another command is received from the host. 


The Disable Reporting command prevents data trans- 
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com- 
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 


The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 


This command updates the report rate status register 
with the data contained in the second byte of the com- 
mand. However, the physical report rate remains fixed at 
40 times per second. This command only exists to 
ensure compatibility. 


The controller always transmits a OOhin response to 
receiving this command. This informs the host that a 
standard mouse is present. 


Remote Mode is entered when the controller receives 
this command. 
In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 
• 


Wrap Mode is entered when the controller receives this 
command. 
In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands 
will cancel Wrap 
Mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting Mode, Stream Mode or Remote Mode. 


This command cancels Wrap Mode. 
The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 


The controller will transmit an event packet to the host 
after a read data command is received. This command 
can be issued in either the Remote or Stream Modes. 
The controller will transmit data even if there has not 
been any button changes or motion since the last report. 
The controller clears the motion counters after ever read 
data command. 


The controller will enter the Stream Mode upon receiving 
this command. 
In Stream Mode, event packets are 
transmitted to the host as they occur. 
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MTA41110 


A three byte status report packet will be transmitted in 
response to this command. 
These status bytes are 
defined as follows: 


Byte 1: 


~ 
Description 
o 
1 = Secondary Button Depressed 
1 
Reserved 
2 
1 = Primary Button Depressed 
3 
Reserved 
4 
1 = 2:1 Scaling 
5 
1 = Enabled 
6 
1 = Remote Mode 


7 
Reserved 
Byte 2: Current Resolution 


Byte 3: Current Sample Rate 


2.1.14 Set Resolution 


The controller provides four resolutions selected by the 
second byte of this command. 
The effective resolution 
is the physical device resolution divided by the divisor 
indicated below. 


Second Bvte 
o 
1 
2 
3 


2.1.15 Set Scaling 


Description 


divide bya 
divide by 4 
divide by 2 
divide by 1 


This command has no effect on resolution and only 
exists to ensure compatibility. 


This command resets the scaling to 1:1 (input count 
equals reported count). 


2.2 PS/2 Message 
Data Format 


The following PS/2 compliant data format is used by the 
MTA41110 when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
11 bit data frame that utilizes a bits for message data and 
3 bits for control. 


Data Frame Format: 


Bit 
Description 


1 
Start Bit (always 0) 
2 
Message Data Bit 0 , LSB 
3 
Message Data Bit 1 
4 
Message Data Bit 2 
5 
Message Data Bit 3 
6 
Message Data Bit 4 
7 
Message Data Bit 5 
a 
Message Data Bit 6 
9 
Message Data Bit 7 , MSB 
10 
Parity Bit (odd parity) 
11 
Stop bit (always 1) 


The MTA4111 0 mouse controller transmits the following 
three byte data packet in response to a Read Data (EBh) 
command 
or when operating 
in Stream 
Mode with 
reporting enabled. 


Status Message Data Byte 1: 


Bit 
Description 
o 
1 = Primary Button Depressed 
1 
1 = Secondary Button Depressed 
2 
Reserved 
3 
Reserved 
4 
X data sign, 1 = negative 
5 
Y data sign, 1 = negative 
6 
X data overflow, 1 = overflow 
7 
Y data overflow, 1 = overflow 


Status Message Data Byte 2: 


Delta X motion 


Status Message Data Byte 3: 


Delta Y motion 
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The MTA4111a is designed to interface to both optical 
encoders that utilize LEO and photo transistor pairs with 
a chopper wheel or mechanical encoders that utilize a 
commutator with wiper contacts. 


Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MTA4111a will drive the OORV output high 8 f.lS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
OORV output will be driven back low 2 f.ls after the 
sample istaken. If power consumption is not a concern, 
then the OORV output can be left unconnected 
and 
encoders 
can be powered directly from a constant 
supply (e.g. +5V power). 


An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball 
is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the follOWing 
state table along with Figures 3.1 and 3.2. 


HOR10r 
VERT1 


HOR2 or 
VERT2 


HORlor 
VERTl 


HOR2 or 
VERT2 


MTA41110 


Positive Motion: 


Hor1,Hor2/ 
Vert1.Vert2 


0,0 
0,1 
1,1 
1,0 
0,0 
etc. 


Negative Motion: 


Hor1,Hor2/ 
Vert1 Vert2 


0,0 
1,0 
1,1 
0,1 
0,0 
etc. 


The HOR and VERT inputs are sampled at -8700 
samples per second with a 4 MHz input clock. The 
sample rate will decrease slightly when communication 
traffic to or from the host is occurring. The sample rate 
is directly proportional to the clock frequency on the 
OSC1 and OSC2 pins. 
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MTA41110 


The MTA41110 push-button inputs are defined to be 
active when the input pin is in the low state. 
The 


appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled 
in the high state, the appropriate 


message data bit will be set equal to zero. 


The MTA4111 0 can also function as a trackball control- 
ler. A trackball drag lock switch can be connected to the 
!5STfil input and an LEO indicator connected to the 
OLEO output to aid in one-handed trackball operation. 


When using a mouse, a select and drag operation is 
performed by clicking on an object and holding the 
primary mouse button down. 
Moving the mouse then 
drags the object to the desired location. 
When the 


primary button is released the object is placed at the 
desired location. 
However, when the same select and 


drag operation is performed using a trackball, it may be 
difficult to hold the button depressed 
and guide the 


trackball with the same hand. 


u 


The MTA4111 O's"drag lock" feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
OBTN input. 
This "locked" state is equivalent to de- 


pressing and holding the primary mouse button. 
The 


user then guides the object to the desired 
location 


without having to hold a button depressed and simulta- 
neously guide the trackball. The object is placed and the 
"lock" is released when a low (e.g. button depressed) is 
momentarily applied to any button input. 


The OLEO output is latched in the low state (OV) when 
the OBTN input is sampled low (refer to Figure 5.1). The 
OLEO output will remain low ("locked') until the OBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if the PBTN input or 
SBTN input issampled low when the OLEO output is low. 
When the OLEO output is in low "locked" state, the 
Primary Button depressed bit in the status message is 
set high. 


u 
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6.0 ELECTRICAL 
CHARACTERISTICS 


6.1 ABSOLUTE 
MAXIMUM 
RATINGS t 


Ambient temperature under bias 


Storage temperature 


Voltage on any pin with respect 
-0.6V to (Voo +0.6V) 
to Vss (except Voo and MCLR) 


Voltage on MCLR pin with 
respect to Vss 


Voltage on Voo with respect to vss 


Total power dissipation (Note 2) 


Maximum current out of vss pin 


Maximum current into Voo pin 


Maximum current into input pin 


Maximum output current sin ked 
by any I/O or output pin 


Maximum output current sourced 
by any I/O or output pin 


OVto +9.5V 


800mW 


150 mA 


SOmA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100 n should be used 
when applying a "'ow" level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW for 
the package. The total power dissipation is calculated 
as follows: 


POIS= Voo x (100 - IIOH) + I{(Voo- 
VOH)x IOH}+I{VOL 
x IOL) 


t Notice: 
Stresses above those listed under" Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device atthose or any other condItions 
above those indicated inthe operation listings of this specification is not implied. Exposure to maximum 
rating conditions for extended periods may affect device reliability. 
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DC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature DoC< TA < 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Supply Voltage 
Voo 
3.0 
6.25 
V 
Fosc = DC to 4 MHz 


Voo start voltage to guarantee 
VPOR 
vss 
V 
power-on reset 


voo rise rateto guarantee power- 
SVoo 
0.05" 
V/mS 
on reset 


Supply Current 
100 
1.8 
3.3 
mA 
Fosc = 4 MHz, voo = 5.5V 


Input Low Voltage 


MCLR (Schmitt trigger) 
VILMC 
.15 Voo 
V 


OSC1 (Schmitt trigger) 
VILOSC 
.3 Voo 
V 


All other Inputs 
VIL 
.2Voo 
V 


Input High Voltage 


MCLR (Schmitt trigger) 
VIHMC 
.85 Voo 
Voo 
V 


OSC1 (Schmitt trigger) 
VIHOSC 
.7 Voo 
Voo 
V 


All other Inputs 
VIH 
.45 Voo 
Voo 
V 


2V 
Voo 
4.0V < Voo :55.5V 


Input Leakage Current 
-- 
MCLR 
IILMCL 
-5 
itA 
VPIN= Voo + 0.25V 


MCLR 
IILMCH 
0.5 
+5 
llA 
VPIN= Voo 


OSC1 (Schmitt trigger) 
IILMCH 
0.5 
+3 
itA 
Voo :5VPIN:5 Voo 


All other Inputs 
IlL 
-1 
0.5 
+1 
itA 
Voo :5VPIN:5 Voo 


Output Low Voltage 


OSC2 
VOL 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 


All other Outputs 
VOL 
0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 


Output High Voltage 


OSC2 
VOH 
Voo -.7 
V 
IOH= -1.0 mA, Voo = 4.5V 


All Outputs 
VOH 
Voo - .7 
V 
IOH= -5.4 mA, Voo = 4.5V 
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FIGURE 
6.2,1 -INPUT THRESHOLD VOLTAGE 
(VTH) OF ALL INPUT 
AND I/O PINS 
EXCEPT 
MCLR 
AND OSC1 


~ 
1.40 
~ 


~ 
1.20 


0.60 
2.5 
4.0 
4.5 
Voo (volts) 


~ 3.00 
g 2.50 
-':> 2.00 
I:> 
1.50 


4.50 


4.00 


3.50 


1.00 


0.50 


0.00 
2.5 


VIL. mal< (-40'C to 
'C) 


V1L, 1YP, 25'C 
VIL, min (-40'C to 55'C) 


3,0 
3.5 
4.0 
4.5 
5.0 
5.5 
VDD(volts) 
Note: These input pins have Schmitt trigger input buffer. 
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3.40 


3.20 


3.00 


2.80 


2.60 


~ 
2.40 


~ 
2.20 
$ 2.00 


1.80 


1.60 


1.40 


1.20 


1.00 
2.5 
4.0 
4.5 
Voo (volts) 


·40 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
VOH (Volts) 


-40 
1.5 
2 
25 
3 
3.5 
4 
45 
5 


VOH (Volts) 
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<' 
50 
.s 


Q 
40 


<' 
50 
.s 
~ 
40 


1 
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2 
2.5 
VOL (Volts) 
1 
1.5 
2 
2.5 
VOL (Volts) 
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AC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating Voltage voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Oscillator Frequency 
Fosc 
DC 
4 
MHz 


Motion Encoder Timing 


ODRV 


Pulse Period 
Top (Note2) 
115 
itS 


Pulse Width 
Taw 
8 
10 
12 
itS 


HOR1,HOR2,VERT1,VERT2 


Inpu1Sample Setup Time 
TENS 
3 
itS 
Before ODRV falling edge. 


Input Sample Hold 
TENH 
0 
nS 
After ODRV falling edge. 


110 Timing 


ClK High time 
TCLKH 
30 
50 
itS 


ClKlowtime 
TCLKL 
30 
50 
itS 


DATA setup time to ClK falling 
Tso 
5 
25 
itS 


DATA hold time to ClK rising 
THO 
5 
45 


Button Input Timing 


PBTN,SBTN,DBTN 


Input Sample Period 
TSTP(Note2) 
50 
ms 


Input Sample Window width 
TSTW 
280 
ns 


RESET Timing 


MClR pulse width (low) 
TMCL 
100 
ns 


Oscillator Start-up Timer Period 
ToST (Note1) 
9 
18 
30 
ms 
Voo = 5.0V 


Notes: 


1. These parameters are based on characterization and are not tested. 


2. Sampling can be suspended 
ff device is receiving data from host or transmission to host is inhibited by host (ClK 


held low) 
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Motion 


Sampling 


I 
11 
I 


!I~ 


Bit 1;;,1 
~D 


\ 
I 
I 
1 
I 
2 


Start Bit 


I••n 
H 
TBlW 


~~~ 
\ 


13 
I f- 
I 
11 
I 


Stop Bit 


Button 
Sampling 
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The MTA41110 controller can be configured as either a 
mouse ortrackball controller. Trackball systems require 
the addition of the components labeled as trackball only. 
These components allow support of a drag lock switch 
and indicator. A pull-up resistor for the drag lock switch 
must be included in trackball systems. For a mouse, the 
DBTN input is simply connected to Voo. 


Three examples of motion encoders are shown in the 
schematics (Document Number 41XXXEN). Two types 
of optical encoders and a mechanical type are shown. 
Since the MTA41110 employs an anti-jitter algorithm, 
the "basic" style of optical encoder or the mechanical 
encoder 
are both 
recommended 
for 
use with the 
MTA41110. Use of the "improved" style of optical en- 
coder that employs comparators may only be necessary 
in high noise environments. 


All button switches should be of the momentary contact 
type, including the drag lock switch. 


7,1 Host System Device Drivers 


The MTA41110 is compatible with standard IBM PS/2 
device drivers. 
Additionally, host system software de- 


vice drivers for use with the MTA41110 are available 
from third party vendors. Contact your local sales office 
for a list of vendors currently offering device drivers that 
support the MTA41110. 
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To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. -X 
/XX 
Xl1Rm.;~ 


Package: 
P 
= 
POIP 
SO = 
300 mil SOIC (Gull Wing Lead) 


SS 
= 
209 mil SSOP 


Temperature 
- 
= 
O°Cto +70°C 
Range: 
I 
= 
-40°C to +85°C 


; Device: 
MTA41110 
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MTA41111 


Velocity Scaling Mouse and Trackball Controller I.C. 


• Single-chip two-button mouse or trackball controller 
that supports velocity scaling 


• 10 KHz IBM'" PS/2" interface 


• IBM PS/2 mouse compliant 


• Selectable Mouse or Trackball resolutions 


• Strobed motion encoders for reduced system power 
consumption 


• Motion sampling rate of 8700 Samples/second 


• Proprietary anti-jitter algorithm simplifies motion 
encoder interface 


• Available In: 
- 
18-lead 300 mil PDIP 
- 
18-lead 300 mil SOIC 
- 
20-lead 209 mil SSOP 


HISPD 
__ 
DlED 


--Voo 


-- 
MClR 


--Vss 
-HOR1 
-HOR2 
_ABTN 
-PBTN 


DATA ---- 
ClK 
---- 
OSC1- 
OSC2 - 
Voo 
- 
ODRV - 
DBTN -- 
VERT1-- 
VERT2-- 


The MTA41111 is the heart of a simple,low-cost, 
mouse 
or trackball solution. It can be configured to operate as 
an IBM PS/2 compliant mouse or trackball controller. 
The mouse select and drag operation can be accom- 
plished with a trackball by using the optional drag lock 
input and drag lock lED. 
This allows for one handed 
select and drag operation when using a trackball. 


The MTA41111 is an 18-lead low-power CMOS inte- 
grated circuit. Combined 
with a few simple external 
components, a complete mouse or trackball system can 
be realized. 


HISPD 


-- 
DlED 
-Voo 


-- 
MClR 
-Vss 
-Vss 
-HORl 
_ 
HOR2 
_ 
ABTN 
_ 
PBTN 


IBM and Ps/2 are registered 
trademarks 
of IBM Corp. 


The microcode 
contained 
in this product 
is copyrighted 
C1993. 
all rights reserved. 


DATA ---- 
ClK 
.•.• 
OSCl 
__ 


OSC2 - 
Voo 
-- 


Voo 
-- 


ODRV - 
DBTN -- 
VERT1-- 
VERT2-- 
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MTA41111 


PIN NAME 
TYPE 
DESCRIPTION 


HISPD 
Input 
Active high, velocity gain activated 


CDRV 
Output 
Active high strobed encoder drive 


HOR1 
Input 
Horizontal quadrature input #1 


HOR2 
Input 
Horizontal quadrature input #2 


PBTN 
Input 
Primary mouse button. Active low, 0 = button depressed 


ABTN 
Input 
Altemate mouse button. Active low, 0 = button depressed 


DBTN 
Input 
Optional trackball drag lock button. Active low, 0 = button de- 
pressed. For mouse operation connect this pin to Voo 


VERT1 
Input 
Vertical quadrature input #1 


VERT2 
Input 
Vertical quadrature input #2 


DLED 
Output 
Optional trackball drag LED. For mouse operation this pin is a no 
connect and should be left unconnected 


OSC1 
Input 
4 MHz crystal or ceramic resonator connection 


OSC2 
Output 
4 MHz crystal or ceramic resonator connection 


DATA 
I/O 
Bi-directional data port for PS/2 


CLK 
Input 
PS/2 data clock input 


MCLR 
Input 
A "low" voltage on this pin causes a reset condition 
for the 
MTA41111 controller 


VOO 
Pwr 
+5V 


Vss 
Pwr 
Ground 


Upon power-up, the MTA41111 mouse controller ini- 
tiates an intemal 
reset sequence. 
First, all intemal 
registers and communication 
parameters are cleared. 


Next, the status registers are set to the default condition. 
Finally, if the MTA41111 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by aOOhin response. This notifies the host 
that the initialization is complete and that the controller 
is a standard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom- 
mended behavior of issuing a Reset command as the 
first command after power-up. 


The MTA41111 always confirms reception of a com- 
mand sent by the host by retuming an acknowledge byte 
(FAh). If the host interrupts the transmission 
of the 
acknowledge 
byte, the MTA41111 discards the com- 
plete command. The MTA41111 isthen ready to receive 
and acknowledge the next command. Two exceptions to 
the acknowledge 
after command received rule exist. 


The MTA41111 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 


The MTA41111 supports velocity scaling. 
When acti- 


vated, it allows the cursor to travel faster based on the 
speed of the mouse or trackball movement. 


Command 
Summary: 


Command 


Reset 
Resend 
Set Default 
Disable Reporting 
Enable Reporting 
Set Report Rate 
Read Device Type 
Set Remote Mode 
Set Wrap Mode 
Reset Wrap Mode 
Read Data 
Set Stream Mode 
Status Request 
Set Resolu1ion 
Set Scaling 
Reset Scaling 


Code, Data 


FFh 
FEh 
F6h 
F5h 
F4h 
F3h, XXh 
F2h 
FOh 
EEh 
ECh 
EBh 
EAh 
E9h 
E8h, XXh 
E7h 
E6h 
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This 
command 
initiates 
a reset 
sequence 
in the 
MTA41111 mouse controller. First, all intemal registers 
and communication 
parameters are cleared. Next, the 
status registers are set to the defau~ condition. Finally, 
the MTA41111 transmits a AAh followed by a OOh,this 
informs the host that the initialization is complete and 
that the controller is a standard mouse type. 


Anytime the MTA41111 controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a Resend is received by the 
controller 
it will clear 
its motion 
and displacement 
counters. 


The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
command, it will retransmit the last data packettransmit- 
ted. If the last packet transmitted was a Resend com- 
mand, the packet prior to the last packet will be re- 
transmitted. 


The Set Defau~ command 
re-initializes all controller 
parameters to the power-up state. The controller initial- 
izes the following status registers. 


Report rate: 
100 reports per second 
Scaling: 
Linear 
Mode: 
Streaming 
Resolution: 
Physical Resolution /2 
Reporting: 
Disabled 


This command does not initiate any self-test diagnos- 
tics. The controller remains in the disabled state until 
another command is received from the host. 


The Disable Reporting command prevents data trans- 
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com- 
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 


The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 


This command updates the report rate status register 
with the data contained in the second byte of the com- 
mand. However, the physical report rate remains fixed at 
40 times per second. This command 
only exists to 
ensure compatibility. 


The controller always transmits a OOhin response to 
receiving this command. This informs the host that a 
standard mouse is present. 


Remote Mode is entered when the controller receives 
this command. 
In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 


Wrap Mode is entered when the controller receives this 
command. 
In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands 
will cancel Wrap 
Mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting Mode, Stream Mode or Remote Mode. 


This command cancels Wrap Mode. 
The controller 
remains in the current 
Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command 
is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 


The controller will transmit an event packet to the host 
after a read data command is received. This command 
can be issued in either the Remote or Stream Modes. 
The controller will transmit data even if there has not 
been any button changes or motion since the last report. 
The controller clears the motion counters after ever read 
data command. 


The controller will enter the Stream Mode upon receiving 
this command. 
In Stream Mode, event packets are 
transmitted to the host as they occur. 
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A three byte status report packet will be transmitted in 
response to this command. 
These status bytes are 
defined as follows: 


Byte 1: 


~ 
Description 
o 
1 = Secondary Button Depressed 
1 
Reserved 
2 
1 = Primary Button Depressed 
3 
Reserved 
4 
1 = 2:1 Scaling 
5 
1 = Enabled 
6 
1 = Remote Mode 


7 
Reserved 
Byte 2: Current Resolution 


Byte 3: Current Sample Rate 


2.1.14 
Set Resolution 


The controller provides four resolutions selected by the 
second byte of this command. 
The effective resolution 


is the physical device resolution divided by the divisor 
indicated below. 


Second Byte 
Description 
o 
divide by8 
1 
divide by4 
2 
divide by 2 
3 
divide by 1 


2.1.15 
Set Scaling 
Code: E7h 


This command has no effect on resolution and only 
exists to ensure compatibility. 


This command resets the scaling to 1:1 (input count 
equals reported count). 


2.2 PS/2 Message Data Format 


The following PS/2 compliant data format is used by the 
MTA41111 when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
11 bit data frame that utilizes 8 bits for message data and 
3 bits for control. 


Data Frame Format: 


Bit 
Description 


1 
Start Bit (always 0) 
2 
Message Data Bit 0 • LSB 
3 
Message Data Bit 1 
4 
Message Data Bit 2 
5 
Message Data Bit 3 
6 
Message Data Bit 4 
7 
Message Data Bit 5 
8 
Message Data Bit 6 
9 
Message Data Bit 7 , MSB 
10 
Parity Bit (odd parity) 
11 
Stop bit (always 1) 


The MTA41111 mouse controller transmits the following 
three byte data packet in response to a Read Data (EBh) 
command 
or when operating 
in Stream 
Mode with 
reporting enabled. 


Status Message Data Byte 1: 


Bit 
Description 
o 
1 = Primary Button Depressed 
1 
1 = Secondary Button Depressed 
2 
Reserved 
3 
Reserved 
4 
X data sign, 1 = negative 
5 
Y data sign, 1 = negative 
6 
X data overflow, 1 = overflow 
7 
Y data overflow, 1 = overflow 


Status Message Data Byte 2: 


Delta X motion 


Status Message Data Byte 3: 


Delta Y motion 
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The MTA41111 is designed to interface to both optical 
encoders that utilize LED and photo transistor pairs with 
a chopper wheel or mechanical encoders that utilize a 
commutator with wiper contacts. 


Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MTA41111 will drive the QORV output high 8 itS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
QORV output will be driven back low 2 IJ.S after the 
sample is taken. If power consumption is not a concern, 
then the QORV output can be left unconnected and 
encoders 
can be powered directly from a constant 


supply (e.g. +5V power). 


An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 
state table along with Figures 3.1 and 3.2. 


HOR10r 
VERT1 


HOR20r 
VERT2 


HOR10r 
VERT1 


HOR2 or 
VERT2 


MTA41111 


Positive 
Motion: 


Hor1,Hor2/ 
Vert1 Vert2 


0,0 
0,1 
1,1 
1,0 
0,0 
etc. 


Negative Motion: 


Hor1,Hor2/ 
Vert1 Vert2 


0,0 
1,0 
1,1 
0,1 
0,0 
etc. 


The HOR and VERT inputs are sampled at -8700 
samples per second with a 4 MHz input clock. The 
sample rate will decrease slightly when communication 
traffic to or from the host is occurring. The sample rate 
is directly proportional 
to the clock frequency on the 


OSC1 and OSC2 pins. 
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The MTA41111 push-button inputs are defined to be 
active when the input pin is in the low state. 
The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled 
in the high state, the appropriate 
message data bit will be set equal to zero. 


The MTA41111 can also function as a trackball control- 
ler. A trackball drag lock switch can be connected to the 
C5S'm 
input and an LED indicator connected to the 
OLEO output to aid in one-handed trackball operation. 


When using a mouse, a select and drag operation is 
performed 
by clicking on an object and holding the 
primary mouse button down. 
Moving the mouse then 
drags the object to the desired location. 
When the 
primary button is released the object is placed at the 
desired location. 
However, when the same select and 
drag operation is performed using a trackball, it may be 
difficult to hold the button depressed 
and guide the 
trackball with the same hand. 


The MTA41111's "drag lock" feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
OBTN input. 
This "locked" state is equivalent to de- 
pressing and holding the primary mouse button. 
The 
user then guides the object to the desired 
location 
without having to hold a button depressed and simulta- 
neously guide the trackball. The object is placed and the 
"lock" is released when a low (e.g. button depressed) is 
momentarily applied to any button input. 


The OLEO output is latched in the low state (OV) when 
the OBTN input is sampled low (refer to Figure 5.1). The 
OLEO output will remain low ("locked") until the OBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if the PBTN input or 
SBTN input issampled low when the OLEO output is low. 
When the OLEO output is in low "locked" state, the 
Primary Button depressed bit in the status message is 
set high. 


5.1 Velocity Scaling 


When HISPO is enabled, velocity scaling is activated. 
The velocity scaling is defined in Table 5.1 and illus- 
trated in Figure 5.2. 


Physical 
Counts 
Output 
Counts 
(per sample period) 


0 
0 


1 
1 


2 
2 


3 
4 


4 
7 


5 
10 


6 
13 


7 
16 


8 
19 


9 
22 


10 
26 


11 
30 


12 
34 


13 
38 


14 
42 


15 
46 


16 
50 


17 
54 


18 
58 


19 
62 


20 
67 


21 
72 


22 
77 


23 
82 


24 
87 


25 
92 


26 
97 


27 
103 


28 
109 


29 
115 


30 
121 


31 
127 
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6.0 ELECTRICAL 
CHARACTERISTICS 


6.1 ABSOLUTE 
MAXIMUM 
RATINGS t 


Ambient temperature under bias 


Storage temperature 
-6S0Cto +1S0°C 


Voltage on any pin with respect 
-0.6V to (Voo +0.6V) 


to Vss (except Voo and MCLR) 


Voltage on MCLR pin with 
respect to VSS 


Voltage on Voo with respect to Vss 


Total power dissipation (Note 2) 


Maximum current out of Vss pin 


Maximum current into Voo pin 


Maximum current into input pin 


Maximum output current sinked 
by any 1/0 or output pin 


Maximum output current sourced 
by any 1/0 or output pin 


OVto+9.SV 


800mW 


1S0mA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 


currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of S0-100 n should be used 
when applying a "'ow" level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mWfor 


the package. The total power dissipation is calculated 
as follows: 


POIS= Voo x (100 • rIOH) + r{ (Voo- VOH)x IOH}+r(VOL 
x IOL) 


Stresses abGve Itlose listed under "Absolute ~mum 
Ratings" /1l8.ycause pennaneot damage to Ibe 


device. This is a stress rating only and functional operation ofltle devlCeatthoseorany 
other conditions 
abGve Itlose indicated in the operation listings of this specifICation is not implied. Exposure to maximum 
ratIng conditions tor extended periods may affect device reliabilitY. 
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DC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating voltage voo = 3.0V to 5.5V unless otherwise stated. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Supply Voltage 
Voo 
3.0 
6.25 
V 
Fosc = DC to 4 MHz 


Voo start voltage to guarantee 
VPOR 
Vss 
V 
power-on reset 


Voo rise rate to guarantee power- 
SVoo 
0.05- 
V/mS 
on reset 


Supply Current 
100 
1.8 
3.3 
mA 
Fosc = 4 MHz, Voo = 5.5V 


Input Low Voltage 


MCLR (Schmitt trigger) 
VILMC 
.15 Voo 
V 


OSC1 (Schmitt trigger) 
VILOSC 
.3 Voo 
V 


All other Inputs 
VIL 
.2 Voo 
V 


Input High Voltage 


MCLR (Schmitt trigger) 
VIHMC .85 Voo 
Voo 
V 


OSC1 (Schmitt trigger) 
VIHOSC .7 Voo 
Voo 
V 


All other Inputs 
VIH 
.45 Voo 
Voo 
V 


2V 
Voo 
4.0V < Voo ~ 5.5V 


Input Leakage Current 


MCLR 
IILMCL 
-5 
lJ.A 
VPIN= Voo + 0.25V 


MCLR 
IILMCH 
0.5 
+5 
lJ.A 
VPIN= Voo 


OSC1 (Schmitt trigger) 
IILMCH 
0.5 
+3 
lJ.A 
Voo ~ VPIN~ Voo 


All other Inputs 
ilL 
-1 
0.5 
+1 
lJ.A 
Voo ~ VPIN~ Voo 


Output Low Voltage 


OSC2 
VOL 
0.6V 
V 
IOL= 1.6 mA, Voo = 4.5V 


All other Outputs 
VOL 
0.6V 
V 
IOL= 8.7 mA, Voo = 4.5V 


Output High Voltage 


OSC2 
VOH 
Voo- .7 
V 
IOH= -1.0 mA, Voo = 4.5V 


All Outputs 
VOH 
Voo -.7 
V 
IOH= -5.4 mA, Voo = 4.5V 
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FIGURE 
6.2.1 - INPUT 
THRESHOLD 
VOLTAGE 
(VTH) OF ALL INPUT 
AND I/O PINS EXCEPT 
MCLR 
AND OSC1 


~ 
1.40 
~ 


~ 
1.20 


1.00 


0.60 
2.5 
4.0 
4.5 
Voo (vons) 


4.50 


4.00 


3.50 


~ 
3.00 
2l 
"0 
~ 
2.50 


...J 
"$ 2.00 
£ 
"$ 
1.50 
VIL. malt (-40'C to 
'C) 


V1L.TYP, 2S'C 


VIL. min (-40'C to 8S'C) 
1.00 


0.50 


0.00 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
Voo (volts) 
Note: These input pins have Schmitt trigger input buffer. 
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MTA41111 
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AC CHARACTERISTICS 
Standard Operating Cond~ions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Oscillator Frequency 
Fosc 
DC 
4 
MHz 


Motion Encoder Timing 


ODRV 


Pulse Period 
Tap (Note2) 
115 
~S 


Pulse Width 
Taw 
8 
10 
12 
~S 


HOR1,HOR2,VERT1,VERT2 


Input Sample Setup Time 
TENS 
3 
~S 
Before ODRV falling edge. 


Input Sample Hold 
TENH 
0 
nS 
After ODRV falling edge. 


VOTiming 


ClK High time 
TCLKH 
30 
50 
~S 


ClK low time 
TCLKL 
30 
50 
~S 


DATA setup time to ClK falling 
Tso 
5 
25 
~S 


DATA hold time to ClK rising 
THO 
5 
45 


Button Input Timing 


PBTN, SBTN, DBTN, HISPD 


Input Sample Period 
TSTP(Note2) 
50 
ms 


Input Sample Window width 
TSTW 
280 
ns 


RESET Timing 


MClR 
pulse width (low) 
TMCL 
100 
ns 


Oscillator Start-up Timer Period 
TOST(Note1) 
9 
18 
30 
ms 
Voo = 5.0V 


Notes: 


1.These parameters are based on characterization and are not tested. 


2. Sampling can be suspended if device is receiving data from host or transmission to host is inhib~ed by host (ClK 
held low) 
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Motion 
Sampling 
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11 
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Stop Bit 
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MMMMMMMMMMMMMMM 


MMMMMMMMMMMMMMM 
~ 
AABB CDE 


MMMMMMMMM 


MMMMMMMMM 


()~AABB 
CDE 
-- 
O~AABB 
CDE 


MTMllll/P 
e 1993 
A 
~ 
9123 
CBA 


Ml'M1111/SO 
<0 1993 
A 


O~9118 
CDK 


Ml'M1111 
<0 1993 
A 


O~9051 
CBP 


MM ...M 


AA 
BB 


C 


Microchip 
part number 
information 


Year code (last 2 digits of calendar 
year) 


Week code (week of January 
1 is week '01 ') 


Facility code of the plant at which wafer is manufactured. 


C = Chandler. 
Arizona. 
U.SA. 


Mask revision 
number 


Assembly 
code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip 
part number 
can not be marked on one line. it 


will be carried over to the next line. 
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To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. -X 
/XX 
XLi-"~ 
Package: 
P 
= 
PDIP 
SO 
= 
300 mil SOIC (Gull Wing Lead) 


SS 
= 209 mil SSOP 


Temperature 
- 
= 
O°Cto +70°C 
Range: 
I 
= 
-4Q°C to +85°C 


: Device: 
MTA41111 
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MTA41120 


• Single-chip two-button mouse or trackball controller 


• Built in collision detection so that multiple devices 
may be connected to the host interface without 
conflict 


• Strobed motion encoders for reduced system power 
consumption 


• Proprietary anti-jitter algorithm simplifies motion 
encoder interface 


• Motion sampling rate of 6000 samples/second 


• Available In: 


18-lead 300 mil PDIP 
18-lead 300 mil SolC 
20-lead 209 mil SSOP 


__ 
RLED 
__ 
DLED 


--VDD 


-- 
MCLR 
--Vss 


-HOR1 
-HOR2 
_ABTN 
-PBTN 


The MTA41120 isthe heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
eitheran Apple Macintosh compatible mouse or trackball 
controller. The mouse select and drag operation can be 
performed with a trackball by usingthe optional drag lock 
input and drag lock LED. This allows for one handed 
select and drag operation when using a trackball. 
The 
MTA41120 does not require special host system device 
drivers. 


The MTA41120 is an 18-lead low-power CMOS inte- 
grated circuit. Combined with a few simple external 
components, a complete mouse or trackball system can 
be realized. 


DIN 
- 
DOUT 
- 
OSC1- 


OSC2 
- 
Voo 
- 


QDRV 
- 
DBTN 
- 
VERT1- 
VERT2- 


- 
RLED 
- 
OLEO 


-- 
Voo 


--- 
MCLR 
--Vss 
-Vss 
-HOR1 
_HOR2 
_ 
ABTN 
__ 
PBTN 


"Apple MacintoshCompatible Hosllnterface 


Appl••••and Macintosh· are registered trademarksof Apple Corp. 


Apple DesktopBus (ADB) is a trademarkof Apple Corp. 


The microcodecontainedin this productis copyrightedC1993, all rights reserved. 


DIN 
- 
DOUT_ 
OSCI 
.•... 


OSC2 
- 
Voo 
.••.• 


Voo 
.••.• 


QDRV- 
DBTN - 
VERTl - 
VERT2- 
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MTA41120 


1.0 PIN DESCRIPTIONS 


PIN NAME 
TYPE 


CDRV 
Output 


HOR1 
Input 


HOR2 
Input 


PBTN 
Input 


ABTN 
Input 


DBTN 
Input 


VERT1 
Input 


VERT2 
Input 


RLED 
Output 


OLEO 
Output 


05C1 
Input 


05C2 
Output 


DIN 
Input 


DOUT 
OC-Output 


MCLR 
Input 


Voo 
Pwr 


Vss 
Pwr 


Active high strobed encoder drive 


Horizontal quadrature Input #1 


Horizontal quadrature Input #2 


Primary mouse button. Active low, 0 = button depressed 


Altemate mouse button. Active low, 0 = button depressed 


Optional trackball drag lock button. Active low. 0 = button 
depressed. For mouse operation connect this pin to Voo 


Vertical quadrature input #1 


Vertical quadrature input #2 


Optional high resolution LED. Indicates mouse or trackball is in 
high resolution mode. If high resolution LED is not required then 
this pin is a no connect and should be left unconnected 


Optional trackball drag LED. For mouse operation this pin is a 
no connect and should be left unconnected 


4 MHz crystal or ceramic resonator connection 


4 MHz crystal or ceramic resonator connection 


Input data port for host communication 


Open Collector output for data communication with host 


A "low" voltage on this pin causes a reset condition for the 
MTA41120 controller 


+SV 


Ground 


The MTA41120 mouse and trackball controller is com- 
pliant with all specifications that apply to the Host Inter- 
face. 
Its collision detection 
and recovery algorithms 
allow it to be used in systems where one or more devices 
may be connected to the host interface. 


The drag lock button input allows the MTA41120 to be 
used as either a trackball controller or a mouse control- 
ler. 


The MTA41120 supports two LED indicators that indi- 
cate operation in high resolution mode and when a drag 
lock operation is occurring. High Resolution mode is 
entered in response to a command from a host and is 
indicated by the RLED pin being driven low. 
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The MTA41120 is designed to interface to both optical 
encoders that utilized LED and photo transistor pairs 
with a chopper wheel or mechanical encoders utilizing a 
commutator with wiper contacts. 


The HOR and VERT inputs are sampled at -GOOO 
samples 
per second with a 4 MHz input clock. The 
sample rate may decrease slightly when communication 
traffic to or from the host is occurring. The sample rate is 
directly proportional to the clock frequency on the OSC1 
and OSC2 pins. 


Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MTA41120 will drive the OORV output high 10 uS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
OORV output will be driven back low 2 us after the 
sample is taken. If power consumption is not a concem 
then the OORV output can be left unconnected and 
encoders can be powered directly from a constant sup- 
ply (e.g. +SV power). 


An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


HOR10r 
VERT1 


HOR20r 
VERT2 


The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 
state table and is illustrated in Figures 3.1 and 3.2. 


Positive Motion: 


Hor1, Hor2 / 
Vert1 Vert2 


0,0 
0,1 
1,1 
1,0 
0,0 
etc. 


Negative Motion: 


Hor1, Hor2 / 
Vert1 Vert2 


0,0 
1,0 
1,1 
0,1 
0,0 
etc. 


HOR10r 
VERT1 


HOR20r 
VERT2 
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The MTA41120 push-button inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled 
in the high state the appropriate 


message data bit will be set equal to zero. The push- 
button inputs are intemally debounced 
to eliminate 


"false" button status reporting. 


The MTA41120 can also function as a trackball control- 
ler. A trackball drag lock switch can be connected to the 
OBTN input and an LEO indicator connected to the 
OLEO output to aid in one-handed trackball operation. 


When using a mouse a select and drag operation is 
performed by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball, it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 


u 


The MTA41120's "drag lock" feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
OBTN input. This "locked" state is equivalentto depress- 
ing and holding the primary mouse button. The userthen 
guides the object to the desired location without having 
to hold a button depressed and simultaneously guide the 
trackball. The object is placed and the "lock" is released 
when a low (e.g. button depressed) 
is momentarily 


applied to any button input. 


The OLEO output is latched in the low state (OV) when 
the OBTN input is sampled low (refer to Figure 5.1). The 
OLEO output will remain low ("locked') until the OBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if the PBTN input or 
SBTN input is sampled low when the OLEO output is low. 


LJ 
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Ambient temperature under bias 


Storage temperature 


Voltage on any pin with respect 
to Vss (except Voo and MCLR) 
-Q.6V to (Voo +0.6V) 


Voltage on MCLR pin with 
respect to Vss 


Voltage on Voo with respect to Vss. 


Total power dissipation (Note 2) 


Maximum current out of Vss pin 


Maximum current into Voo pin 


Maximum current into input pin 


Maximum output current sinked 
by any 1/0 or output pin 


Maximum output current sourced 
by any 1/0 or output pin 


OVto+14.0V 


OVto+9.5V 


800mW 


1SO mA 


SOmA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 


currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100n 
should be used 


when applying a "low" level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mW 


for the package. The total power dissipation is calcu- 
lated as follows: 


Pdis = Voo x (100 • Lloh) + L{(VOO- Voh) x loh} + 
L( Vol x 101) 


t Notice: 
Stre.sses abovethose!istedander' 
Absq\ule Maximtlll1Batlngs' ''T'SYcal.\se pennanent darJ;1ageto th\ 


devfce. This is a stress rating only and functional operation of the device atthoseor any othercondltlons 
above those indicated in the operation listings olthis specification is not implied. Exposuretomaxirnum 
rating conditions for extended periods may affect device retlabilitY. 
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DC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Supply Voltage 
Voo 
3.0 
6.25 
V 
Fosc = DC to 4 MHz 


Voo start voltage to guarantee 
VPOR 
Vss 
V 
power-on reset 


Voo rise rateto guarantee power- 
SVoo 
0.05" 
V/mS 
on reset 


Supply Current 
100 
1.8 
3.3 
mA 
Fosc = 4 MHz. Voo = 5.5V 


Input Low Voltage 


MCLR (Schmitt trigger) 
VILMC 
.15 Voo 
V 


OSC1 (Schmitt trigger) 
VILOSC 
.3Voo 
V 


All other Inputs 
VIL 
.2Voo 
V 


Input High Voltage 


MCLR (Schmitt trigger) 
VIHMC 
.85 Voo 
Voo 
V 


OSC1 (Schmitt trigger) 
VIHOSC 
.7Voo 
voo 
V 


All other Inputs 
VIH 
2.0 
Voo 
V 
4.45V S Vss S 5.5V 


.45 Voo 
Voo 
Voo< 4.45V 


.36 Voo 
Voo 
Voo> 5.5V 


Input Leakage Current 


MCLR 
IILMCL 
-5 
1IA 
VPIN= Vss + 0.25V 


MCLR 
hLMCH 
0.5 
+5 
JlA 
VPIN= Voo 


OSC1 (Schmitt trigger) 
hLMCH 
-3 
0.5 
+3 
1IA 
VssS VPINS Voo 


All other Inputs 
IlL 
-1 
0.5 
+1 
1IA 
VssS VPINS Voo 


Output Low Voltage 


OSC2 
VOL 
0.6V 
V 
IOL= 1.6 mA. Voo = 4.5V 


All other Outputs 
VOL 
0.6V 
V 
IOL= 8.7 mA, Voo = 4.5V 


Output High Voltage 


OSC2 
VOH 
Voo- .7 
V 
IOH=-1.0 mA, Voo = 4.5V 


All other Outputs 
VOH 
Voo- .7 
V 
IOH=-5.4 mA, Voo = 4.5V 
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FIGURE 
6.2.1 - INPUT THRESHOLD 
VOLTAGE 
(VTH) OF ALL INPUT 
AND VO PINS EXCEPT 
MCLR 
AND OSC1 
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WJIl'@onlJiJi)nl1il~Il'W 


4-83 


3.40 


3.20 


3.00 


2.80 


2.60 


~ 
2.40 
o.z.. 2.20 
$ 2.00 


1.80 


1.60 


1.40 


1.20 


1.00 
2.5 
4.0 
4.5 


Voo (volts) 


·40 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 
VOH (Volts) 


-40 
1.5 
2 
2.5 
3 
3.5 
4 
4.5 
5 


VOH (Volls) 


~1l'@OOI1i1ilOlJil&lIl'W 


4-84 


90 


80 


70 


60 


<' 
50 
.§. 


..J 
.Q 


40 


30 


20 


10 


<' 
50 
.§. 


~ 
40 


1 
1.5 
2 
VOL (Volts) 
1 
1.5 
2 
VOL (Volts) 


IPJIi'@U~lTilil~I1ilIIDIi'W 


4-85 


AC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Oscillator Frequency 
Fesc 
DC 
4 
MHz 


Motion Encoder Timing 


ODRV 


Pulse Period 
Tap (Note2) 
166 
I1S 


Pulse Width 
Taw 
11 
12 
13 
I1S 


HOR1,HOR2,VERT1,VERT2 


Input Sample Setup Time 
TENS 
2 
I1S 
Before ODRV falling edge. 


Input Sample Hold 
TENH 
0 
nS 
After ODRV falling edge. 


Button Input Timing 


PBTN,SBTN,DBTN 


Input Sample Period 
Tsp (Nole2) 
10 
ms 


Input Sample Window width 
TSTU 
280 
ns 


RESET Timing 


MCLR Pulse Width (low) 
TMCL 
100 
ns 


Oscillator Start-up Timer Period 
TesT (Note1) 
9 
18 
30 
ms 
Voo = 5.0V 


Notes: 


1. These parameters are based on characterization and are not tested. 


2. Sampling period can increase if device is receiving data from host or when transmitting to host. 


~1J'@Onl1iiilnIJi)IIDIJ'W 


4-86 


1-- 
Tap 
'-1 


QDRV 
/ 
'" 
/ 
"" 


I 


Taw 


TENS 
TENH 
I 
I 
I 


Motion 
/ 
'" 
r- 
Sampling 


I .• 
TBTP 
~I • 


Button 
n 
!'L 
Sampling 
f++l 


TBTW 


[,§l1J'@onUiJilnlJillIDlJ')f 


4-87 


MTA41120 


The MTA41120 controller can be configured as either a 
mouse or trackball controller. Trackball systems require 
the addition of the components labeled as trackball only. 
These components allow support of a drag lock switch 
and indicator. A pull-up resistor for the drag lock switch 
must be included in trackball systems. For a mouse the 
DBTN input is simply connected to Voo. 


Three examples of motion encoders are shown in the 
schematics (Document number 41XXXEN). Two types 
of optical encoders and a mechanical type are shown. 
Since the MTA41120 employs an anti-jitter algorithm, 
the "basic" style of optical encoder or the mechanical 
encoder 
are both 
recommended 
for 
use with the 
MTA41120. 
Use of the "improved" 
style of optical 
encoder that employs comparators, may only be neces- 
sary in high noise environments. 


All button switches should be of the momentary contact 
type, including the drag lock switch. 
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Title 
Typical Mechanical 
Motion 
Encoder 
Size 
Document 
Number 


MMMMMMMMMMMMMMM 


MMMMMMMMMMMMMMM 
~ 
AABB CDE 
-- 
O~AABB 
CDE 


MMMMMMMM 


MMMMMMMM 


O~AABB 
CDE 


MrA41120/P 
e 
1993 
A 
~ 
9123 
CBA 


MrA41120/SO 
e 
1993 
A 


O~9118 
CDK 


MrA41120/ 
e 
1993 
A 


O~9051 
CBP 


MM ...M 


AA 
BB 


C 


Microchip 
part number information 


Year code (last 2 digits of calendar 
year) 


Week code (week of January 
1 is week '01 ') 


Facil~y code of the plant at which wafer is manufactured. 


C = Chandler, 
Arizona, 
U.S.A. 


Mask revision 
number 


Assembly 
code of the plant or country of origin in which 
part was assembled. 


Note: 
In the event the full Microchip 
part number can not be marked on one line, ~ 
will be carried over to the next line. 


[?l1l'@U~IJlIi)~IJi)~Il'W 
4·93 


• 


To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. - X 
!XX Xq 


Temperature 
Range: 


P 
= PDIP 
SO = 300 mil SOIC (GUll Wing Lead) 
SS 
209 mil SSOP 


O°C to 
+70°C (COMMERCIAL) 


-40°C to +85°C (INDUSTRIAL) 
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MTA41300 


• Mouse and trackball controller IC 


• Selectable RS-232 Serial or IBM"' PS/2"' interfaces 


• Microsotte serial interface format and IBM PS/2 
mouse compliant 


• Single-chip, two-button mouse or trackball controller 


• 1200,N,7,1 - RS-232 serial communication format 


• 10KHz PS/2 interface 


• Fixed mouse and trackball resolution 


• Motion sampling rate of 12000 samples/second in 
PS/2 Mode and 15000 samples/second 
in RS-232 
Mode 


• Available in: 


-18-lead 
300 mil PDIP 


-18-lead 
300 mil SOIC 


- 
20-lead 209 mil SSOP 


-- 
DBTN 
__ 
MODE 


--Voo 
--MCLR 
~Vss 
-HOR1 
-HOR2 
_ABTN 
-PBTN 


The MTA41300 is the heart of a simple,low-cost, 
mouse 
or trackball solution. It can be configured to operate as 
either an IBM PS/2 compliant 
mouse or as a serial 
mouse that is Microsoft serial format compatible. Both 
interface options are also available when the MTA41300 
is used as a trackball controller. The mouse select and 
drag operation can be performed with a trackball by 
using the optional drag lock input and drag lock LED. 
This allows for one-handed select and drag when using 
a trackball. 


The MTA41300 is an 18-lead low-power CMOS inte- 
grated circuit. Combined 
with a few simple extemal 
components, a complete mouse or trackball system can 
be realized. 


SBTN - 
PBTN - 
OSC1- 


OSC2 
- 
Voo 
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ODRV - 
DBTN - 
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--DBTN 


-- 
MODE 
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_ 
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_ 
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IBMand Ps/2 are registeredtrademarks of IBM Corp. 
Microsoftis a registeredtrademarkof Microsoft Corp. 
The code in this product was not developedor licensedby MicrosoftCorporation. 
The microcodecontainedin this productis copyrightedC1993. all rights reserved. 
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MTA41300 


PIN NAME 
TYPE 
DESCRIPTION 


TXD 
Output 
Data port for RS-232 serial data. Active low. For IBM PS/2 
Mode, this pin is a no connect and should be left open 


MODE 
Input 
Mode select 1 = PS/2, 0 = RS-232 serial 


HOR1 
Input 
Horizontal quadrature Input #1 


HOR2 
Input 
Horizontal quadrature Input #2 


PBTN 
Input 
Primary mouse button. Active low, 0 = button depressed 
-- 
SBTN 
Input 
Secondary mouse button. Active low, 0 = button depressed 
-- 
DBTN 
Input 
Optional trackball drag lock button. Active low, 0 = button 
depressed. For mouse only operation, connect this pin to 
voo 


VERT1 
Input 
Vertical quadrature input #1 


VERT2 
Input 
Vertical quadrature input #2 


DlED 
Output 
Optional trackball drag lED. 
For mouse only operation, this 


pin is a no connect and should be left open 


OSC1 
Input 
4 MHz crystal or ceramic resonator connection 


OSC2 
Output 
4 MHz crystal or ceramic resonator connection 


DATA 
I/O 
Bidirectional data port for PS/2. For Serial Mouse Mode, this 
pin is a no connect and should be left open 


ClK 
VO 
PS/2 data clock input. For Serial Mouse Mode, this pin is a 
no connect and should be left open 


MClR 
Input 
A "low" vo~age on this pin causes a reset condition for the 
MTA41300 controller 


Voo 
Pwr 
+5V 


Vss 
Pwr 
Ground 


2.0 SERIAL 
MOUSE MODE 
OPERATION 


When operating in serial mouse mode the MTA41300 
mouse 
controller 
is a transmit 
only device. 
The 
MTA41300 transmits a fixed format data packet at 1200 
baud to the host when a button press or mouse motion 
is detected. 


2.1 Reset Initialization 


The MTA41300 will transmit a "M" character immedi- 
ately after power-up or when a reset is initiated by the 
host. This character notifies the host that the message 
format 
is Microsoft 
serial 
format 
compliant. 
The 
MTA41300 is placed in the reset state when the MClR 
pin is driven low. 


2.2 Serial Mode Message Format 


The following Microsoft serial interface compliant data 
format is broadcast by the MTA41300 when transmitting 


data to the host. The 1200 baud data format utilizes a 
9-bit data frame that consists of 7 bits of message data 
and 2 control bits. 


~ 
Description 


1 
Start Bit (always 0) 
2 
Message Data Bit 0, lSB 
3 
Message Data Bit 1 
4 
Message Data Bit 2 
5 
Message Data Bit 3 
6 
Message Data Bit 4 
7 
Message Data Bit 5 
8 
Message Data Bit 6, MSB 
9 
Stop bit (always 1) 


The MTA41300 mouse controller transmits the following 
three byte Microsoft 
serial interface 
compliant 
data 
packet in response to a mouse event. 
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Message Data Byte 1: 


I;m 
Description 


6 
Always = 1 (message sync bit) 
5 
1 = Primary Button Depressed 
4 
1 = Secondary Button Depressed 
3 
Vertical Motion bit 7 (MSB) 
2 
Vertical Motion bit 6 
1 
Horizontal Motion bit 7 (MSB) 
o 
Horizontal Motion bit 6 


Message Data Byte 2: 


ail 
Description 


6 
Always=O 
5 
Horizontal Motion bit 5 
4 
Horizontal Motion bit 4 
3 
Horizontal Motion bit 3 
2 
Horizontal Motion bit 2 
1 
Horizontal Motion bit 1 
o 
Horizontal Motion bit 0 


Message Data Byte 3: 


~ 
Description 


6 
Always = 0 
5 
Vertical Motion bit 5 
4 
Vertical Motion bit 4 
3 
Vertical Motion bit 3 
2 
Vertical Motion bit 2 
1 
Vertical Motion bit 1 
o 
Vertical Motion bit 0 


Upon power-up the MTA41300 mouse controller ini- 
tiates an intemal reset sequence. 
First, all intemal 
registers and communication parameters are cleared. 
Next, the status registers are setto the default condition. 
Finally, if the MTA41300 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a OOhin response. This notifies the host 
that the initialization is complete and that the controller 
isa standard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom- 
mended behavior of issuing a Reset command as the 
first command after power-up. 


The MTA41300 always confirms reception of a com· 
mand sent by the host by retuming an acknOWledgebyte 
(FAh). If the host interrupts the transmission 
of the 
acknowledge 
byte, the MTA41300 discards the com· 
plete command. The MTA41300 isthen ready to receive 
and acknowledge the next command. 
Two exceptions 
to the acknowledge after command received rule exist. 
The MTA41300 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 


Command Summary: 


Command 


Reset 
Resend 
Set Default 
Disable Reporting 
Enable Reporting 
Set Report Rate 
Read Device Type 
Set Remote Mode 
Set Wrap Mode 
Reset Wrap Mode 
Read Data 
Set Stream Mode 
Status Request 
Set Resolution 
Set Scaling 
Reset Scaling 


3.1.1 
Reset 


~ 
FFh 
FEh 
F6h 
F5h 
F4h 
F3h,XXh 
F2h 
FOh 
EEh 
ECh 
EBh 
EAh 
E9h 
EBh,XXh 
E7h 
E6h 


Code:FFh 


This 
command 
initiates 
a reset 
sequence 
in the 
MTA41300 mouse controller. First, all intemal registers 
and communication parameters are cleared. 
Next, the 
status registers are set to the default condition. Finally, 
the MTA41300 transmits a AAh followed by a OOh,this 
notifies the host that the initialization is complete and 
that the controller is a standard mouse type. 


Anytime the MTA41300 controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a resend is received by the 
controller, 
it will clear 
its motion and displacement 
counters. 


The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. 
When the controller receives a Resend 
command, it will retransmit the last data packet transmit- 
ted. If the last packet transmit was a resend command, 
the packet prior to the last packet will be retransmitted. 


The Set Default command 
re-initializes 
all controller 
parameters to the power-up state. The controller initial- 
izes the following status registers, which only exist to 
ensure compatibility. 


Report rate: 
100 reports per second 
Scaling: 
Linear 
Mode: 
Streaming 
Resolution: 
Physical resolution 
Reporting: 
Disabled 


This command does not initiate self test diagnostics. 
The controller remains inthe disabled state until another 
command is received from the host. 
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MTA41300 


The Disable Reporting command prevents data trans- 
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com- 
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 


3.1.5 EnableReporting 
Code:F4h 


The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 


This command updates the report rate status register 
with the data contained in the second byte of the com- 
mand. However, the actual report rate remains fixed at 
40 times per second. 
This command only exists to 
ensure compatibility. 


The controller always transmits a OOhin response to 
receiving this command. 
This informs the host that a 
standard mouse is present. 


Remote Mode is entered when the controller receives 
this command. 
In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 


Wrap Mode is entered when the controller receives this 
command. 
In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands 
will cancel wrap 
mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting, Stream or Remote Mode. 


This command 
cancels Wrap Mode. The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 


The controller will transmit an event packet to the host 
after a Read Data command is received. This command 
can be issued in the Remote or Stream Mode. 
The 
controller will transmit data even if there has not been 
any button changes or motion since the last report. The 
controller clears the motion counters after every read 
data command. 


The controller will enter the Stream Mode upon receiving 
this command. 
In Stream 
Mode event packets 
are 
transmitted to the host as they occur. 


A three byte status report packet will transmit in re- 
sponse to this command. These status bytes are defined 
as follows: 


Byte 1: 


.6i1 
Descriptjon 
o 
1= Secondary Button Depressed 
1 
Reserved 
2 
1= Primary Button Depressed 
3 
Reserved 
4 
1= 2:1 scaling 
5 
1= Enabled 
6 
1= Remote Mode 
7 
Reserved 


Byte 2: 
Current Resolution 


Byte 3: 
Current Sample Rate 


3.1.14 SetResolution 
Code:E8h,XXh 


This command has no effect and only exists to ensure 
compatibility. 
The physical device resolution is always 
the resolution of the mouse or trackball. 


This command has no effect on resolution and only 
exists to ensure compatibility. The scaling will always be 
1:1. 


This command has no effect on resolution and only 
exists to ensure compatibility. The scaling will always be 
1 :1. 


3.2 PS/2 Message Data Format 


The following PS/2 compliant data format is used by the 
MTA41300 when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
1-bit data frame that utilizes 8 bits for message data and 
3 bits for control. 
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PS/2 Data Frame Format: 


Bit 
Description 


1 
Start Bit (always 0) 
2 
Message Data Bit 0, LSB 
3 
Message Data Bit 1 
4 
Message Data Bit 2 
5 
Message Data Bit 3 
6 
Message Data Bit 4 
7 
Message Data Bit 5 
8 
Message Data Bit 6 
9 
Message Data Bit 7, MSB 
10 
Parity Bit (odd parity) 
11 
Stop bit (always 1) 


The MTA41300 mouse controller transmits the following 
three-byte data packet in response to a Read Data (EBh) 
command or when operating instream mode with report- 
ing enabled. 


Status Message Data Byte 1: 


~ 
Description 
o 
1= Primary Button Depressed 
1 
1= Secondary Button Depressed 
2 
Reserved 
3 
Reserved 
4 
X data sign, 1 = negative 
5 
Y data sign, 1 = negative 
6 
X data overflow, 1 = overflow 
7 
Y data overflow, 1 = overflow 


Status Message Data Byte 2: 


Status Message Data Byte 3: 


The MTA41300 
is designed to interface with either 
optical encoders that utilized LED and phototransistor 
pairs with a chopper wheel, or mechanical encoders 
utilizing a commutator with wiper contacts. 
The HOR 
and VERT inputs detect positive and negative delta 
motion. Motion direction is defined in the following state 
table. 
Refer to Figures 4.1 and 4.2. 


Positive 
Motion: 


Hor1, Hor21 
Vert1 Vert2 


0,0 
0,1 
1,1 
1,0 
0,0 
etc. 


Positive Direction 
Sequence 


Negative Motion: 


Hor1, Hor21 
Vert1 Vert2 
0,0 
1,0 
1,1 
0,1 
0,0 
etc. 


The HOR and VERT inputs are sampled at approxi- 
mately 12000 samples per second with a 4 MHz input 
clock. The sample rate will decrease when communica- 
tion traffic to orfrom the host is occurring. There is a one 


Negative Direction 
Sequence 
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to one correlation between encoder transitions and the 
motion data that is transmitted to the host. For example, 
a transition of 0,1 to 1,1 on the horizontal encoder inputs 
(HOR1, HOR2) will result in one bit of horizontal motion 
as broadcast to the host. The sample rate, along with all 
other timed events related to the controller, is directly 
proportional to the clock frequency on the OSC1 and 
OSC2pins. 


An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 


The MTA41300 pushbutton 
inputs are defined to be 
active when the input pin is in the low state. 
The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled in the high state the appropriate mes- 
sage data bit will be set equal to zero. 


u 
LJ 


The MTA41300 can also function as a trackball control- 
ler. A trackball drag lock switch can be connected to the 
OBTN input and an LEO indicator connected 
to the 
OLEO output to aid in one-handed trackball operation. 


When using a mouse, a select and drag operation is 
accomplished by clicking on an object and holding the 
primary mouse button down. 
Moving the mouse then 
drags the object to the desired location. 
When the 
primary button is released, the object is placed at the 
desired location. 
However, when the same select and 
drag operation is performed using a trackball it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 


The MTA41300's "drag lock" feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
OBTN input. 
This "locked" state is equivalent to de- 


pressing and holding the primary button when using a 
mouse. The user then guides the object to the desired 
location without having to hold a button depressed and 
simultaneously guide the trackball. The object is placed 
and the "lock" is released when a low (e.g. button 
depressed) is momentarily applied to any button input. 


The OLEO output is latched in the low state (OV) when 
the OBTN input is sampled low (refer to Figure 6.1). The 
OLEO output will remain low ("locked') until the OBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if either the PBTN or 
SBTN inputs are sampled low when the OLEO output is 
low. When the OLEO output is in low "locked" state, the 
Primary Button depressed bit in the status message is 
set high. 
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7.0 ELECTRICAL 
CHARACTERISTICS 


7.1 ABSOLUTE 
MAXIMUM 
RATINGS t 


Ambient temperature under bias 
-55°C to +125°C 


Storage temperature 
-65°C to +150°C 


Voltage on any pin with respect 
to Vss (except Voo and MCLR) .-0.6V to (Voo +0.6V) 


Voltage on MCLR pin with 
respect to Vss 
OVto +14.0V 


Voltage on voo with respect to Vss 
OVto +9.5V 


Total power dissipation (Note 2) 
800 mW 


Maximum current out of Vss pin 
150 mA 


Maximum current into voo pin 
50 mA 


Maximum current into input pin 
±500 IlA 


Maximum output current sinked by any 
va or output pin 
25 mA 


Maximum output current sourced by any 
va or output pin 
20 mA 


Notes: 


1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 5O-100n should be used 
when applying a ·Iow" level to this pin, rather than 
connecting this pin directly to Vss. 


2. Total power dissipation should not exceed 800 mWfor 
the package. The total power dissipation is calculated 
as follows: POIS=Voo x (100 - LIOH)+ L{(VOO- VOH)x 
IOH)+L(VOl x lOll. 


t Notice: 
Stresses above those listed under· Absolute Maximum Ratings· may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device atthose or any other conditions 
above those indicated in the operation listings of this specification is not implied. Exposure to maximum 
rating conditions for extended periods may affect device reliability. 
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DC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Supply Voltage 
Voo 
3.0 
6.25 
V 
Fosc = DC to 4 MHz 


. Voo start voltage to guarantee 
VPOR 
Vss 
V 
power on reset 


Voo rise rate to guarantee power 
SVoo 
0.05" 
VlmS 
on reset 


Supply Current 
100 
1.8 
3.3 
mA 
Fosc = 4 MHz, Voo = 5.5V 


Input Low Voltage 


MCLR (Schmitt trigger) 
VILMC 
.15Voo 
V 


OSC1 (Schmitt trigger) 
VILOSC 
.3Voo 
V 


All other Inputs 
VIL 
.2Voo 
V 


Input High Voltage 


MCLR (Schmitt trigger) 
VIHMC 
.85 Voo 
Voo 
V 


OSC1 (Schmitt trigger) 
VIHOSC 
.7 Voo 
Voo 
V 


All other Inputs 
VIH 
.45 Voo 
Voo 
V 


2V 
Voo 
V 
4.0V < Voo S 5.5V 


Input Leakage Current 


MCLR 
IILMCL 
-5 
!LA 
VPIN= Voo + 0.25V 


MCLR 
IILMCH 
0.5 
+5 
!LA 
VPIN= Voo 


OSC1 (Schmitt trigger) 
IILMCH 
0.5 
+3 
!LA 
Voo S VPINS Voo 


All other Inputs 
IlL 
-1 
0.5 
+1 
!LA 
Voo S VPINS Voo 


Output Low Voltage 


OSC2 
VOL 
0.6V 
V 
IOL= 1.6mA, Voo = 4.5V 


All other Outputs 
VOL 
Voo- .7 
0.6V 
V 
IOL= 8.7mA, Voo = 4.5V 


Output High Voltage 


OSC2 
IOH=-1.0mA, Voo = 4.5V 


All other Outputs 
VOH 
V 
IOH=-5.4mA, Voo = 4.5V 
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FIGURE 
7.2.1 -INPUT THRESHOLD VOLTAGE 
(VTH) OF ALL INPUT 
AND 110 PINS EXCEPT 
MCLR AND OSC1 


o 
"'5 
1.40 
Z. 


0.60 


2.5 
4.0 
4.5 
Voo (volts) 
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~ 
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.l!l 
g 2.50 


...J 
::> 
2.00 
I 
::> 
1.50 


1.00 


0.50 


0.00 
2.5 


VIL, max (-4Q'C to 
'C) 


VIL, TYP, 2S'C 


VIL, min (-40'C to 8S'C) 


3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
VDD(volts) 
Note: These input pins have Schmitt trigger input buffer. 
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3.40 


3.20 


3.00 


2.80 


2.60 


~ 
2.40 


~ 
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~ 
2.00 
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~ 
40 


1 
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2 
2.5 


VOL (Volts) 
1 
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2 
2.5 


VOL (Volts) 
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AC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated). 
Operating Temperature O°C < TA < 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 


Characteristic 
Sym. 
Min. 
Typ. 
Max. 
Units 
Conditions 


Oscillator Frequency 
Fosc 
DC 
4 
MHz 


Serial Mode Output Timing 


TXD output pulse width 
TpWTX 
800 
833 
866 
llS 
1200 baud @ Fosc = 4 MHz 


(per bit) 


PS/2 Mode 110 Timing 


CLK High time 
TCLKH 
30 
50 
llS 


ClKlowtime 
TCLKL 
30 
50 
llS 


OATA setup time to ClK falling 
Tso 
5 
25 
llS 


DATA hold time to ClK rising 
THO 
5 
45 


Input Timing: 


PBTN,SBTN,DBTN 


Inpu1Sample Period 
TBTP 
50 
ms 


Input Sample Window width 
TBrw 
280 
ns 


HOR1,HOR2,VERT1,VERT2 


Input Sample Period (Ps/2 Mode) 
TENP2 
83' 
llS 


Input Sample Period (RS-232 
TENPS 
66 
itS 
Mode) 


Input Sample Window width 
TENW 
280 
ns 


RESET TIming 


MClR pulse width (low) 
TMCL 
100 
ns 


Oscillator Start-up Timer Period 
TOST 
92 
182 
302 
ms 
Voo = 5.0V 


MODE Timing 


Setup time 
TSMOE 
-5 
ms 
from MClR high 


Hold time 
THMOE 
50 
ms 
from MClR high 


Notes: 
1. 
Sampling can be suspended if device is receiving data from host or if transmission to host is inhibited by host 
(ClK held low). 


2. 
These parameters are based on characterization and are not tested. 
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TXD 
1--1 
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Three distinct types of mice or trackball systems can be 
created using the MTA41300 controller. These systems 
are distinguished on the type of host interface they use. 
The three types are: 
RS-232 serial, IBM PS/2, or a 
"combo" interface that can operate in either RS-232 or 
PS/2. 


Also, three example types of motion encoders are 
shown inthe schematics (document number 41XXXEN). 
Two types of optical encoders and a mechanical type 
are shown. 


All system types use momentary contact type switches 
for the button inputs including the drag lock input. 


8.1 RS-232 Serial Interface Mouse or 
Trackball 


To operate the MTA41300 controller 
in the RS-232 
Serial Mode only, the MODE pin is simply connected to 
Vss. 
The example 
schematic 
(document 
number 
41300RSa). shows the MTA41300 configured as a RS- 
232 serial mouse or trackball. 


Trackball systems require the addition of the compo- 
nents labeled as trackball only. 
These components 
allow support of a drag lock switch and indicator. A pull- 
up resistorforthe 
drag lock switch must be included for 
trackball 
systems. 
For a mouse the DBTN input is 
simply connected to Voo. 


Since the MTA41300 operates from a single supply a 
discrete transistor is used as a level shiffer to insure that 
a low output on the RS-232 data line is below the -3V 
RS-232 threshold. 


8.2 PS/2 Interface Mouse or Trackball 


To operate the MTA41300 controller in the PS/2 Mode 
only, the MODE pin is simply connected to Voo. The 
example 
schematic, 
document 
number 
41300PSa, 


shows the MTA41300 configured as a PS/2 mouse or 
trackball. 


8.3 RS-232 and Ps/2 "Combo" 
Mouse or 
Trackball 


The "combo" mouse system is designed to change its 
host interface to the desired protocol depending on the 
type of host system it is connected to. The schematic 
(document number 41300SPa) shows a typical "combo" 
mouse or trackball. 
In this system, the MODE select is 
wired to the host connector and is not connected directly 
to either voo 
or Vss. 


For RS-232 operation, the RTS line is driven by the host 
to -12V. A protection diode limits the maximum negative 
vo~age applied to the MODE pin to •.6V. This logical low 
on power-up places the MTA41300 in the RS-232 Serial 
Interface Mode. 


For PS/2 operation, a special adapter plug (document 
number 41300SPa, page 2) can be used to change the 
RS-232 DB-9 connector to the mini-DIN type used by 
PS/2 systems. 
The adapter plug also connects the 
MODE pin to +SV thus automatically 
configuring 
the 
MTA41300 for the PS/2 interface. 


8.4 Host System Device Drivers 


The MTA41300 is compatible with standard IBM PS/2 
drivers and Microsoft device drivers. 
Additionally, host 
system device drivers for use with the MTA41300 are 
available from third party vendors. 
Contact your local 
Microchip Technology 
Inc. sales office for a list of 
vendors currently offering device drivers for use with the 
MTA41300. 
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A 
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AA 


BB 
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Microchip 
part number 
information 


Year code (last 2 digits of calendar year) 


Week code (week of January 
1 is week '01 ') 


Facility code ofthe plant at which wafer is manufactured. 


C = Chandler, 
Arizona, 
U.S.A. 


Mask revision 
number 


Assembly 
code of the plant or country of origin in which 


part was assembled. 


Note: 
In the event the full Microchip 
part number can not be marked on one line, it 
will be carried over to the next line. 
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MTA41300 


To order orto obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NO. - X 
!XX 
X 
T L:Revision 


,paCkage: 
P 
= PDIP 
SO = 300 mil sOle 
(Gull Wing Lead) 


SS 
= 209 mil SSOP 


Temperature 
- 
Range: 
I 
ooe to 
+70"C 


-40oe 
to +85°e 
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MTA41600 


• Selectable lor most popular communication lonnats 


• Microsoft" serial interface lonnat compatible 


• Mouse Systems" serial interface lonnat compatible 


• IBM PS/2" mouse compatible host interface 


• Apple" Macintosh" compatible host interface 


• Single chip one, two or three-button mouse controller 


• Motion sampling rate 01 6000 Samples/second 


• Available In: 


18-lead 300 mil PDIP 


18-lead 300 mil SOIC 


20-lead 209 mil SSOP 


The MTA41600 isthe heart 01 a simple, low-cost, univer- 
sal mouse solution. By combining the lour most popular 
interface lonnats 
in a single controller, one pointing 


device can lunction with a wide variety 01host machines. 
It can be conligured 
to operate as either an IBM PS/2 


compatible 
mouse, an Apple Macintosh 
compatible 


mouse, a serial mouse that is Microsoft serial lonnat 
compliant, or a serial mouse that is Mouse Systems 
serial lonnat compatible. 


The MTA41600 is an 18-lead low-power CMOS inte- 
grated circuit. Combined with a lew simple extemal 
components, a complete universal mouse solution can 
be realized. 


PDIP, sOle 
SSOP 


--- 
MODED 
DATAIADBI- 
__ 
MODEO 
DATAIADBI- 


--- 
MODEl 
CLKlADBO - 
-- 
MODEl 
CLKlADBO - 
___ OPT 
OSCl - 


--OPT 
OSCl 
-- 
--- 
MCLR 
OSC2 - 
-- 
MCLR 
OSC2 -- 
--- 
Vss 
Voo - 
--Vss 
Voo 
-- 
-HORl 
TXD 
-- 
-- 
Vss 
Voo 
MBTN 
-- 
-HOR2 
- 
-- 
HORl 
TXD -- 
_RBTN 
VERTl - 
MBTN 
_LBTN 
VERT2 
-- 
HOR2 
- 
- 


__ 
RBTN 
VERTl - 


__ 
LBTN 
VERT2 - 


IBM PSl2" is a registered 
trademark 
of IBM Corp. 


Microsoft" 
is a registered 
trademark 
of Microsoft 
Corp. 


The code in this product 
was not developed 
or licensed by Microsoft 
Corporation. 


Apple" 
and Macintosh" 
are registered 
trademarks 
of Apple Corp. 


Mouse Systems" 
is a registered 
trademark 
of MSC Technologies 
Inc. 


UniMouse 
is a trademark 
of Microchip 
Technology 
Inc. 


The microcode 
contained 
in this product 
is copyrighted 
Cl1994, 
all rights reserved. 
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MTA81010 


• Multi-chip 
module 


• PIC16C54 
Microcontroller 
and 24LC01B Serial 
EEPROM in a single package 


• 512 x 12 EPROM program memory 
• 128 x 8 Serial EEPROM data memory 
• Separate 
Voo inputs for Microcontroller 
and 
Serial EEPROM 
• ESD protection> 
4,000 V 


High Performance 
RiSe-like 
CPU 


• Only 33 single word instructions to leam 
• All single-cycle instructions except for program 
branches which are two-cycle 


• Operating speed: 
DC - 4 MHz clock input 
DC - 1 ~ 
instruction cycle 


• 12-bit wide instructions 
• 8-bit wide data path 
• 25 x 8 general purpose registers (SRAM) 
• 7 special function hardware registers 
• 2 level deep hardware stack 
• Direct, indirect and relative addressing modes for 
data and instructions 


•......•. SOA 
·1 


--- 
SCL 
2 
NIC 
3 
NIC 
4 
-TEST 
5 
- 
SEEVoo 
6 
-RBO 
7 
-RS1 
8 
_RS2 
9 
_RB3 
10 
_RB4 
11 
_RS5 
12 
_RB6 
13 
_RS7 
14 


28 
MCLR_ 
27 
RTCC_ 
26 
RA3- 
25 
RA2- 
24 
RA1- 
23 
RAO_ 
22 
OSC1_ 
21 
OCS2ICLKOUT_ 
20 
MCVoo- 
19 
NIC 
18 
Vss_ 
17 
NIC 
16 
NIC 
15 
NIC 


Peripheral 
Features 
• 12 I/O pins with individual direction control 


• 8 bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 


• Power on reset 
• Oscillator start-up timer 
• Watchdog timer (WOn with its own on-chip RC 
oscillator for reliable operation 


• Security EPROM fuse for code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options: 


Low cost RC oscillator: RC 
• Standard crystal/resonator: XT 
- Power saving low frequency crystal: LP 


CMOS Technology 
Low-power, high-speed CMOS EPROM technology 
Factory programming (QTP) available for EPROM 
Fully static design 
Wide operating voltage range: 
- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
Low power consumption 
- < 2 mA typical 
@ 5V, 4 MHz 
- 15 j.LAtypical 
@ 3V, 32 KHz 
- < 3 JlA typical standby current 
@ 3V, O·C to 70·C 


SERIAL EEPROM FEATURES 


• Single supply with operation down to 2.5 volts 
• Low power CMOS technology 
- 1 mA active current typical 
- 10 j.LAstandby current typical at 5.5V 
- 5 JlA standby current typical at 3.0V 


• Organized as a single block of 128 bytes (128 x 8) 
• Two-wire serial interface bus 


• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz and 400 KHz compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 8 bytes 


• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• 1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 40 years 
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The MTA81010 from Microchip Technology offers the 
unique combination of a EPROM-based microcontroller 
and a Serial EEPROM in a single package. It is a multi- 
chip module that combines a PIC16C54, low cost, high 
performance, 8-bit, fully static, EPROM-based CMOS 
microcontroller with a 24LC01 B, a 1K bit Serial Electri- 
cally Erasable PROM. 
Combining these two popular 
chips into a single package reduces system cost, board 
area, and inventory. 


The microcontroller and EEPROM are electrically inde- 
pendent, sharing only a common ground (Vss). 
Inde- 
pendent power sources are valuable 
in power-con- 
scious applications where it may be desirable to power 
down the EEPROM when it is not being accessed. One 
of the microcontrollers 
output pins can supply power 
directly to the intemal EEPROM's power pin thus avoid- 
ing the use of extemal power switching components. 


The microcontroller 
and serial EEPROM are exactlv 
equivalent 
to their 
respective 
individual 
chips, the 
PIC16C54 and 24LC01 B. 


The MTA81010 
is ideally suited to a wide variety of 
applications including but not limited to; keyless entry, 
remote control, smart cards, and automotive controllers. 
The EPROM program memory makes customization of 
application programs fast and convenient. The EEPROM 
data memory is ideal for storing configuration informa- 
tion, access codes, serial numbers, and adaptive lookup 
tables. The small footprint packages available forthrough 
hole or surface mounting make MTA81010 perfect for 
applications with physical space limitations. 
Low-cost, 
low-power, high-performance, 
ease of use, VO flexibil- 
ity, and nonvolatile 
EEPROM 
memory 
makes the 
MTA81010 the microcontroller 
of choice for a wide 
variety of systems. 


Including special function registers 
t 
Includes RTCC pin. 


Depending on application and production requirements 
the proper device option can be selected using the table 
in this section. 
When placing orders, please use the 
"MTA81010 Product Identification System" on the back 
page of this data sheet to specify the correct part 
number. 


1.2.1 ONE-TIME-PROGRAMMABLE 
(OTP) 
DEVICES 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices have the oscillator type pre-config- 
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). 


The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the watch- 
dog timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The sixteen special 
EPROM bits for 10 code 
storage are also user programmable. 


1.2.2 QUICK-TURNAROUND-PRODUCTION 
(QTP) 
DEVICES 


Microchip offers a QTP Programming Service for factory 
production orders. 
This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code pattems have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship- 
ments are available. 
Please contact your Microchip 
Technology sales office for more details. 
• 


The MTA81010 from Microchip Technology contains 
Iow-cost, high-performance, 8-bit, fully static, EPROM- 
based CMOS microcontroller. 
It employs a RISC-Iike 
architecture with only 33 single word/single cycle in- 
structions to learn. All instructions 
are single cycle 
except for program branches which take two cycles. The 
12-bit wide instructions are highly symmetrical resulting 
in2:1code compression over other 8-bit microcontrollers 
in its class. 
The easy to use and easy to remember 
instruction set reduces development time significantly. 


The MTA81010 product is equipped with special fea- 
tures that reduce system cost and power requirements. 
The power on reset and oscillatorstart up timer eliminate 
the need for external reset circuitry. There are three 
oscillator configurations to choose from, including power 
saving LP (Low Power) oscillator, standard XT oscillator 
and cost saving RC oscillator. 
Power saving SLEEP 
mode, watchdog timer and code protection features 
improves system cost, power and reliability. 


GENERAL 
PURPOSE 
REGISTER 
FILE 


TABLE 
2.1.1 - MICROCONTROLLER 
PIN FUNCTIONS 


Name 
Function 


RAO - RA3 
1/0 PORT A 
RBO· RB7 
I/O PORTB 
RTCC 
Real Time Clock/Counter 
MCLR 
Master Clear 
OSC1 
Oscillator (input) 
OSC2ICLKOUT 
Oscillator (output) 
MCVoo 
Power supply 
vss 
Ground 
NlC 
No (internal) Connection 


:} 
Internal 


I 
Phase 


t 
Clocks 
, 


04 
~~__ 
,~~ 
~,----;,~ 
,~ 


pcl 


(Program 
Counter) 
I 


OSCU::U<OUT 


(Re Mode) 


2.1 
MICROCONTROLLER 
ARCHITECTURAL 
DESCRIPTION 


2.1.1 HARVARD ARCHITECTURE 


The MTA81XXX family microcomputers contain a, high- 
speed, fully static CMOS CPU with EPROM, RAM, and 
1/0 on a single die. 


The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8 bits wide while the program bus and program 
memory (EPROM) have a width of 12 bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex- 
ecuted, the following instruction is already being read 
from the program 
memory. A block diagram of the 
microcontroller core is given in Figure 2.1.1. 


2.1.2 CLOCKING SCHEME/INSTRUCTION 
CYCLE 


The clock input (from pin OSC1) is intemally divided by 
fourto generate four non overlapping quadrature clocks 
namely 01, 02, 03 and 04. 
Intemally, PC is incre- 
mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. 
It is 
decoded and executed during the following 01 through 
04. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 


2.1.3 DATA REGISTER FILE 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of 32 ad- 
dressable 8-bit registers including the 1/0 Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable 
(Figure 3.2.1). Data can be 


addressed direct or indirect using the file select register 
(f4). Immediate data addressing is supported by special 
"literal" 
instructions 
which 
load data from program 


memory into the W register. 


The register file is divided into two functional groups: 
operational 
registers and general purpose 
registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 


In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 


2.1.4 ARITHMETICILOGIC 
UNIT (ALU) 


The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool- 
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 


2.1.5 PROGRAM MEMORY 


512 words of 12-bit wide on-ehip program 
memory 


(EPROM) can be directly addressed 
(Figure 3.3.1). 


Sequencing 
of microinstructions 
is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera- 
tions, supporting 
direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc- 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level 
stack is employed to provide easy to use 
subroutine nesting. 


• 


3,0 
OPERATIONAL REGISTER 
FILES 


3.1 
E.Q INDIRECT DATA ADDRESSING 


This is not a physically implemented register. Address- 
ing fOcalls for the contents of the File Select Register to 
be used to select a file register. fOis useful as an indirect 
address pointer. For example, inthe instruction ADDWF 
fO, W will add the contents of the register pointed to by 
the FSR (f4) to the content of the W Register and place 
the result in W. 


If fOitself is read through indirect addressing (Le. FSR = 
Oh), then OOh is read. 
If fO is written to via indirect 


addressing, the result will be a NOP. 


3.2 
E1 REAL TIME CLOCK/COUNTER 
REGISTER (RTCC) 


This register can be loaded and read by the program as 
any other register. 
In addition, 
its contents 
can be 


incremented by an extemal signal edge applied to the 
RTCC pin, or by the intemal 
instruction cycle clock 


(CLKOUT =foscl4). 
Figure 3.1.1 is a simplified block 


diagram of RTCC. 


An a-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register 
(not mapped 
in data memory) addressable 


using the 'OPTION' instruction. 
See Section 6.4 for 


details. 
If the prescaler 
is assigned to the RTCC, 
instructionswritingtof1 
(e.g. CLRF 1, orBSF1, 5, ...etc.) 


clear the prescaler. 


The bit 'RTS' 
(RTCC signal Source) in the OPTION 


register detennines, 
if f1 is incremented 
internally or 
extemally. 


RTS=1: 
The clock source for the RTCC or the pres- 
caler, if assigned to it, is the signal on the 
RTCC pin. Bit 4 of the OPTION register (RTE) 
detennines if an increment occurs on the fail- 
ing (RTE=1) or rising (RTE=O) edge of the 
signal presented to the RTCC pin. 


RTS=O: 
The RTCC register or its prescaler, respec- 
tively, will be incremented 
with the intemal 
instruction clock (= Fosc/4). The 'RTE' 
bit in 
the OPTION register and the RTCC pin are 
"don't care" in this case. However, the RTCC 
pin must be tied to Voo or Vss, whatever is 
convenient, to prevent unintended entering of 
test modes and to reduce the current con- 
sumption in low power applications. 


As long as clocks are applied to the RTCC (from intemal 
or extemal source, with or without prescaler), f1 keeps 
incrementing and just rolls over when the value "FFh" is 
reached. All increment pulses for f1 are delayed by two 
instruction cycles. After writing to f1, for example, no 
increment takes place for the following two instruction 
cycles. This is independent if intemal or extemal clock 
source is selected. If a prescaler is assigned to the 
RTCC, the output of the prescaler will be delayed by two 
cycles before f1 is incremented. 
This is true for instruc- 
tions that either write to or read-modify-write RTCC (e.g. 
MOVF f1, CLRF f1). 
For applications 
where RTCC 


needs to be tested for zero without affecting its count, 
use of MOVF f1, W instruction is recommended. 
Timing 


diagrams in Figure 3.2.2 show RTCC read, write and 
increment timing. 


3.2.1 Using RTCC With External 
Clock 


When extemal clock input is used for RTCC, it is syn- 
chronized with the intemal phase clocks. Therefore, the 
extemal clock input must meet certain requirements. 
Also there is some delay from the occurrence of the 
extemal clock edge to the actual incrementing of RTCC. 
Referring to Figure 3.1.1, the synchronization 
is done 


after the prescaler. 
The output of the prescaler 
is 


sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tosc and low for at least 2 tosc 
where tosc = oscillator time period. 


RTCC 


PIN 


~ 


SYNC WITH 


INTERNAL 


CLOCKS 


(2 CYCLE DELAY) 


Notes: 
1. Bits ATE, ATS, PS2, PSI, PSOare locatedin option register. 
2. The prescaleris sharedwith WatchdogTimer (sgeFigureB.o.l). 
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When no prescaler is used, PSOUT (Prescaler output, 
see Figure 5) is the same as RTCC clock input and 
therefore the requirements are: 


TRTH = RTCC high time ~ 2tosc + 20 ns 


TRlL = 
RTCC low time ~ 2tosc + 20 ns 


When prescaleris used, the RTCC input isdivided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 


N.W 


Then: 
PSOUThigh time = PSOUT low time =-2- 


where TRT = RTCC input period and N = prescale 
value (2, 4, .... , 256). 
The requirement 
is, therefore 


N.W 
4 lose + 40 ns 
-2- ~ 2 tosc + 20 ns, or TRT ~ 
N 


The user will notice that no requirement 
on RTCC 


high time or low time is specified. 
However, if the high 


time or low time on RTCC is too small then the pulse 
may not be detected, hence a minimum high or low 
time of 10 ns is required. In summary, the RTCC input 
requirements 
are: 
TRT 
RTCC period ~ (4 tosc + 40 ns)/N 


TRTH 
= 
RTCC high time ~ 10 ns 


TRTL = 
RTCC low time ~ 10 ns 


Delay from external clock edge: Since the prescaler 
output is synchronized 
with the internal clocks, there 


is a small delay from the time the extemal clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 3.2.3, the reader can see that this 
delay is between 3 tosc and 7 tosc. 
Thus, for ex- 


ample, 
measuring 
the interval 
between 
two edges 


(e.g. period) will be accurate within ±4 tosc (±1 lJ.s @ 
4 MHz). 


3.3 
f2 PROGRAM COUNTER 


The program 
counter 
generates 
the addresses 
for 


512 x 12 on-chip 
EPROM cells containing 
the pro- 


gram instruction 
words (Figure 3.3.1). 


The program 
counter 
and its associated 
two-level 


hardware 
stack is 9-bits wide. 


The program counter is set to all "1"s upon a RESET 
condition. 
During 
program 
execution 
it is auto 


incremented 
with each instruction unless the result of 


that instruction 
changes the PC itself: 


a) 
"GOTO" instructions 
allow the direct loading of 


the lower g program counter bits (PC <8:0». 


b) 
"CALL" instructions 
load the lower8-bit 
olthe PC 


directly while the ninth bit is cleared to "0". The 
PC value, 
incremented 
by one, will be pushed 


into the stack. 


c) 
"RETLW" instructions 
load the program counter 


with the top of stack contents. 


d) 
If PC is the destination 
in any instruction 
(e.g. 


MOVWF 
2, ADDWF 
2, or BSF 2,5) then the 


computed 
8-bit result will be loaded into the low 


8-bits of program counter. The ninth bit of PC will 
be cleared. 


It should be noted that because bit 8 (ninth bit) of PC 
is cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF 2), all subroutine calls 
or computed 
jumps are limited to the first 256 loca- 


tions of any program memory page (512 words long). 
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3.4 STACK 


The MTA81010 series employs a two level hardware 
push/pop stack (Figure 3.3.1). 


CALL instructions 
push the current program counter 
value, incremented 
by "1", into stack level 1. Stack 
level 1 is automatically 
pushed to level2. 
If more than 
2 subsequent 
"CALL"s are executed, 
only the most 
recent two return addresses 
are stored. 


RETLW instructions 
load the contents of stack level 


1 into the program counter 
while stack level 2 gets 


copied 
into 
level 
1. 
If more 
than 
2 subsequent 


"RETLW"s are executed, the stack will be filled with 
the address previously 
stored in level 2. 


EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) 
, 


INCREMENT RTCC (04) 


RTCC 


Notes: 
1. 
Delay from clock input change to RTCC increment is 3 tose to 7 tose. (Duration of 0 = tose). 
Therefore, the error in measuring the interval between two edges on RTCC input = ± 4 tose max. 
2. 
External clock if no prescaler selected, Prescaler output otherwise. 


3. 
The arrows indicate the points in time where sampling occurs. 
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3.5 f3. STATUS WORD REGISTER 


This register 
contains 
the arithmetic 
status 
of the 
ALU, the RESET status. 


The status 
register 
(f3) can be destination 
for any 
instruction 
like any other 
register. 
However, 
the 
status bits are set after the following 
write. 
Further- 
more, TO and PD bits are not writable. 
Therefore, the 
result of an instruction with status register as destina- 
tion may be different 
than intended. 
For example, 


CLRF f3 will clear all bits except for TO and PD and 
then 
set the 
Z bit 
and 
leave 
status 
register 
as 
000UU100 
(where U = unchanged). 


It is recommended, 
therefore, that only BCF, BSF and 
MOVWF 
instructions 
are used to alter the 
status 
registers because these instructions do not affect any 
status bit. 


For other instructions, 
affecting 
any status bits, see 
section 
"Instruction 
Set Summary" 
(Table 9.0.1). 


RESET CONDITION: 
PA2,PA1, PAD cleared to '0'. 
TO, PO are set or reset as shown in Table 3.5.2.2 
Z. DC, C are unknown on power on reset and 
unchanged in any other reset. 


CARRYIBORROW 
BIT: 


For AOOWF and SUBWF instructions, 
this btt is set n there is a 
carry out from the most signnicant btt of the resuttant. 
Note 
that 
a subtraction 
is executed 
by 
adding 
the 
two's 
complement 
of the second 
operand. 
For rotate 
(RRF, 
RLF) 
instructions, this bit is loaded wtth either the high or low order btt 
of the source register. 


DIGIT CARRYIBORROW 
BIT: 


For AOOWF and SUBWF instructions, 
this btt is set n there is a 
carry out from the 4th low order btt of the resuttant. 


ZERO 
BIT: 
Set n the resutt of an artthmetic or logic operation is zero. 


POWER DOWN 
BIT: 
Set to "1" during power up or by a CLRWOT command. 
This btt 
is reset to "0" by a SLEEP instruction. 


TIME-OUT 
BIT: 
Set to "1" during 
power up and by the CLRWDT 
and SLEEP 
command. 
This btt is reset to "0" by a watchdog timer time out. 


BIT 7: 
General purpose readlwrtte btt 
(reserved for future use) 


3.5.1 CarrylBorrow 
and Digit Carryl 


Borrow 
Bits 


The Carry bit (C) is a carry out in addition operation 
(AOOWF) 
and a borrow 
out in subtract 
operation 


(SUBWF). 


It is also affected by RRF and RLF instructions. 
The 


following 
examples 
explain 
carrylborrow 
bit opera- 


tion: 


;SUBWF 
Example 
41 


clrf 
movlw 
subwf 


Ox20 
1 
Ox20 


;f (20h);0 
;wreg;1 
;f(20h);f(20h)-wreg;O-1;FFh 
;Carry=O: 
Result 
is negative 


;SUBWF 
movlw 
movwf 
clrw 
subwf 


Example 
*2 


OxFF 
Ox20 
;f(20h);FFh 
;wreg=O 
;f(20h);f(20h)-wreg;FFh-0;FFh 
;Carry=l: 
Result 
is positive 


The digit carry operates in the same way as the carry 
bit, Le. it is a borrow in subtract operation. 


3.5.2 Time Out and Power Down Status 
Bits (TO, PO) 


The "TO" and "PO" bits in the status registerf3 
can be 


tested to determine 
if a RESET condition 
has been 


caused 
by a watchdog 
timer time-out, 
a power-up 


condition, or a wake-up from SLEEP by the watchdog 
timer or MCLR pin. 


These status bits are only affected by events listed in 
Table 3.5.2.1. 


3.6 
f4 FILE SELECT REGISTER (FSR) 


Bits 0-4 select one of the 32 available file registers 
in the indirect addressing 
mode (that is, calling for file 


fO in any of the file oriented 
instructions). 


Bits 5-7 of the FSR are read-only and are always read 
as "one"s. 


If no indirect addressing 
is used, the FSR can be used 
as a 5-bit wide general purpose register. 


TABLE 3.5.2.1 - EVENTS AFFECTING 
POI 
TO STATUS BITS 


Event 
TO 
PO 
Remarks 


Power-up 
1 
1 


WOTTime-out 
0 
X 
No effecton PO 


SLEEPinstruction 
1 
0 


CLRWOTinstruction 
1 
1 


Note: 
A WOT time-out will occur regardless of the 
status olthe TO bit. A SLEEP instruction will be 
executed, regardless of the status of the PObit. 
Table 3.5.2.2 reflects the status of PO and TO 
after the corresponding event. 


TABLE 3.5.2.2 
- POITO STATUS AFTER 
RESET 


TO 
PO 
RESET was caused by 


0 
0 
WOT wake-up from SLEEP 
0 
1 
WOT time-out (not during SLEEP) 
1 
0 
MCLR wake-up from SLEEP 
1 
1 
Power-up 
X 
X 
; Low pulse on MCLR input 


Note: 
The PO and TO bit maintain their status (X) 
until an event of Table 3.5.2.1 occurs. A low- 
pulse on the MCLR input does not change the 
PO and TO status bits. 


The 
I/O registers 
can be written 
and read 
under 


program control like any other register of the register 
file. However, 
"read" instructions 
(e.g. MOVF 6,W) 


always read the I/O pins, regardless if a pin is defined 
as "input" or "output." 
Upon a RESET condition, aliI/ 
o ports are defined 
as 'input" 
(= high impedance 
mode) as the I/O control 
registers 
(TRISA, TRISB) 


are all set to 'ones." 


The execution 
of a 'TRIS 
f' instruction 
with corre- 


sponding 
"zeros" 
in the W-register 
is necessary 
to 


define any of the I/O pins as output. 


4.1 
f5. (PORT A) 


4-bit I/O register. Low order 4 bits only are used (RAO 
• RA3). 
Bit 4-7 are 
unimplemented 
and 
read 
as 
'zeros." 


4.2 
f2 
(PORT B) 


a-bit I/O register. 


The equivalent 
circuit for an I/O port bit is shown in 


Figure 4.4.1. All ports may be used for both input and 
output operations. 
For input operations 
these ports 


are non-latching. 
Any input must be present until read 
by an input instruction (e.g. MOVF 6, W). The outputs 
are latched and remain unchanged 
until the output 


latch is rewritten. 
To use a port pin as output, 
the 


corresponding 
direction control bit (in TRISA, TRISB) 


must be set to zero. For use as an input, the corre- 
sponding TRIS bit must be 'one'. 
Any I/O pin can be 
programmed 
individually 
as input or output. 


•• 


a) Some instructions 
operate 
internally 
as read fol- 
lowed 
by write 
operations. 
The 
BCF and 
BSF 
instructions, 
for example, read the entire port into 
the CPU, execute the bit operation, 
and re-output 
the result. Caution 
must be used when these in- 
structions are applied to a port where one or more 
pins are used as inpuVoutputs. 
For example, 
a 
BSF operation 
on bit 5 of f6 (Port B) will cause all 
eight bits of f6 to be read into the CPU. Then the 
BSF operation 
takes place on bit 5 and f6 is re- 
output to the output latches. If another bit of f6 is 
used as a bidirectional 
1/0 pin (say bit 0) and it is 
defined as an input at this time, the input signal 
present on the pin itself would be read into the CPU 
and rewritten to the data latch of this particular pin, 
overwriting the previous content. As long as the pin 
stays in the input mode, no problem occurs. How- 
ever, if bit 0 is switched into output mode later on, 
the content of the data latch may now be unknown. 


b) A pin actively outputting a "0" or "1" should not be 
driven from extemal 
devices at the same time in 
order to change the level on this pin ("wired-or", 
"wired-and"). 
The resulting 
high output 
currents 
may damage the chip. 


For "wired-or" outputs (assuming negative logic), it 
is recommended 
to use external pull-up resistors 
on the corresponding 
pins. The pin should be left 
in high-impedance 
mode, unless a "0" has to be 
output. Thus, extemal 
devices can drive this pin 
"0" as well. "Wired-and" outputs can be realized in 
the same way, but with external pull-down 
resis- 
tors and only actively driving the "1" level from the 
PIC16C54. 
The resistor values 
are user select- 
able, but should not force output currents 
above 
the specified 
limits (see DC Characteristics). 


4.5.2 Successive 
Operations 
on I/O Ports 


The actual write to an 110 port happens at the end of 
an instruction 
cycle, whereas 
for reading, 
the data 
must be valid at the beginning of the instruction 
cycle 
(see Figure 4.5.2.1). 
Therefore, 
care must be exer- 


cised if a write followed by a read operation 
is carried 
out on the same 1/0 port. The sequence 
of instruc- 


tions 
should 
be such to allow 
the pin voltage 
to 
stabilize (load dependent) 
before the next instruction 
which causes 
that file to be read into the CPU is 
executed. 
Otherwise, 
the previous 
state of that pin 
may be read into the CPU rather than the new state. 
When in doubt, it is better to separate these instruc- 
tions with a NOP or an other instruction not accessing 
this 1/0 port. 


4.5.3 Operation 
in Noisy Environment 


In noisy application environments, 
such as keyboards 
which are exposed to ESD (Electro Static Discharge), 
register 
contents 
can get corrupted 
due to noise 
spikes. 


The on-chip 
watchdog 
timer 
will take 
care 
of all 
situations 
involving 
program 
sequence 
"lockups." 


However, if an 1/0 control register gets corrupted, 
the 
program 
sequence 
may still be executed 
properly 
although an input pin may have switched unintention- 
ally to an output. 
In this case, the program 
would 
always read the same value on this pin. This may 
result, for example, in a keyboard "lockup" situation 
without leading to a watchdog timer timeout. Thus, it 
is recommended 
to redefine 
all 1/0 pins in regular 
time intervals (inputs as well as outputs). The optimal 
strategy 
is to update the 1/0 control 
register 
every 
time before reading input data or writing output data. 
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5.0 
GENERAL 
PURPOSE 
REGISTERS 


6.0 
SPECIAL 
PURPOSE 
REGISTERS 


6.1 
W WORKING 
REGISTER 


Holds second 
operand 
in two operand 
instructions 


and/or supports the internal data transfer. 


6.2 
TRISA 
I/O CONTROL REGISTER 
FOR PORT A (F5) 


Only bits 0-3 are available. 
The corresponding 
I/O 


port (f5) is only 4-bit wide. 


6.3 
TRISB 
I/O CONTROL REGISTER 
FOR PORT B (f6) 


The 
1/0 control 
registers 
will 
be loaded 
with the 


content of the W register by execution of the TRIS f 
instruction. 
A "1" in the 1/0 control register puts the 


corresponding 
1/0 pin into a high impedance mode. A 


·0" puts the contents of file register f5 or f6, respec- 
tively, out on the selected 
1/0 pins. 


These 
registers 
are "write-only" 
and are set to all 


·ones" upon a RESET condition. 


6.4 
OPTION 
PRESCALER/RTCC 
OPTION REGISTER 


Defines prescaler assignment 
(RTCC or WDT), pres- 


caler value, signal 
source 
and signal edge for the 


RTCC. The OPTION register is "write-only" 
and is 6 


bit wide. 


By executing the "OPTION" instruction, the contents 
of the "W" register 
will be transferred 
to the option 


register. Upon a RESET condition, the option register 
is set to all "ones." 


This 
example 
ShOWl 


write to port B followed 
by a read from port B. 
Note that the data setup 
time = (0.25 TCY - TPD) 
where TCY = instruction 
cycle. 
Therefore, 
al 
higher clock frequencies, 
wrtte followed by a read 
may be problematic. 
Execute 
NOP 


A RESET condition can be caused ~Iying 
power 


to the chip (power-up), 
pulling the MCLR input "low", 


or by a Watchdog timer time-out. The device will stay 
in RESET as long as the oscillator 
start-up 
timer 


(OST) is active or the MCLR input is ·Iow.· 


The oscillator 
start-up timer is activated 
as soon as 


MCLR input is sensed to be high. This implies that in 
case of power on reset with MCLR tied to Voo the 
OST starts from power-up. 
In case of WDT time-out, 


it will start at the end of the time-out 
(since MCLR is 


!!!2!:!L In case of MCLR reset, the OSTwili 
start when 


MCLR goes high. 
The nominal OST time-out period 
is 18 ms. See Section 12.0 fordetailed 
inlormation on 


OST and power on reset. 


During a RESET condition the state of the PIC16C54 
is defined as : 


• 
The oscillator is running, or will be started (power- 
up or wake-up from SLEEP). 


• 
All 1/0 port pins (RAO - RA3, RBO - RB7) are put 
into the high-impedance 
state by setting the "TRIS· 


registers to all "ones" (= input mode). 


• 
The Program Counter is set to all ·ones·. 


• 
The OPTION register is set to all "ones·. 


• 
The Watchdog Timer and its prescaler are cleared. 


• 
The upper 
three 
bits 
(page 
select 
bits) 
in the 


Status Register (f3) are cleared to "zero.· 


• 
"RC" devices only: The "CLKOUr 
signal on the 


OSC2 pin is held at a "low" level. 


•• 
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o 
0 
o 
0 
o 
1 
o 
1 
1 
0 


1 
0 
1 
1 
1 
1 


VALUE 
RTCCRATE 
WDTRATE 


0 
1 : 2 
1: 
1 
1 
1 : 4 
1 : 2 
0 
1 : 8 
1 : 4 
1 
1 : 16 
1 : 8 
0 
1 : 32 
1 : 16 


1 
1 : 64 
1 : 32 
0 
1 : 128 
1 : 64 


1 
1 : 256 
1 : 128 


An 8-bit counter 
is available 
as a prescaler 
for the 


RTCC, or as a post-scaler 
for the watchdog 
timer, 


respectively (Figure 8.0.1). For simplicity, this counter 
is being referred 
to as 'prescaler" 
throughout 
this 


data sheet. 
Note that there 
is only one prescaler 
available 
which 
is mutually 
exclusively 
shared 
be- 


tween the RTCC and the watchdog 
timer. 
Thus, a 


prescaler assignment 
for the RTCC means that there 


is no prescalerforthe 
watchdog timer, and vice versa. 


The PSA and PSO-PS2 bits in the OPTION register 
determine 
the prescaler 
assignment 
and pre-scale 


ratio. 


When assigned to the RTCC, all instructions 
writing 


to the 
RTCC 
(e.g. 
CLRF 
1, MOVWF 
1, BSF 
1,x 


.... etc.) will clear the prescaler. 
When assigned 
to 


WDT, a CLRWDT instruction will clear the prescaler 
along with the watchdog timer. 


PRESCALER 
ASSIGNMENT 
BIT: 


0 
RTCC 
1 
WDT 


RTCC SIGNAL 
EDGE: 


o 
INCREMENT 
ON LOW-TQ-HIGH 
TRANSITION 
ON RTCC 
PIN 


1 
INCREMENT 
ON HIGH·TO·LOW 
TRANSITION 
ON RTCC 
PIN 


RTCC SIGNAL 
SOURCE: 


0 
INTERNAL 
INSTRUCTION 
CYCLE 
CLOCK 
(CLKOUT) 
1 
TRANSITION 
ON RTCC PIN 


8.1 
SWITCHING PRESCALER 
ASSIGNMENT 


CHANGING 
PRESCALER 
FROM RTCC TO WDT 


The prescaler 
assignment 
is fully 
under 
software 


control, 
Le., it can be changed 
'on the fly" during 


program execution. 
To avoid an unintended 
device 


RESET, the following 
instruction 
sequence 
must be 


executed 
when changing 
the prescaler 
assignment 


from RTCC to WDT: 


; Select internal clock and select new 
; prescaler value. If new prescale value 
; is = '000' or '001 " then select any other 
; prescale value temporarily. 


; Clear RTCCand~. 
; Select WOT, do not change prescale 
; value. 


5. OPTION 
6. CLRWOT 
[7. MOVLW B'xxxx1xxx' 
l.!1. OPTION 


; Clears WOT and~. 
; Select new prescale value, 


Steps 1 and 2 are only required if an external 
RTCC 


source is used. 
Steps 7 and 8 are necessary 
only if 


the desired prescale value is '000' or '001'. 


CHANGING 
PRESCALER 
FROM WDT TO RTCC 


To change 
prescaler 
from WDT to RTCC use the 


following 
sequence: 


1. CLRWOT 
; Clear WOT and ~ 


2. MOVLW B'xxxxOxxx' 
; Select RTCC, new prescale value 
; and clock source 


0 


~ 
p 
"u 
SYNC 
x 
" 
RTCC 
u 
2 
x 
CYClES 
PIN 
RTE 
0 


RTS 
PSA 


WATCH 
DOG 
TIMER 


1 I 


PSA 


9.0 
BASIC 
INSTRUCTION 
SET 
SUMMARY 


Each PIC16C54 
instruction 
is a 12-bit word divided 
into an OPCODE which specifies the instruction type 
and one or more operands 
which further specify the 
operation 
of the instruction. 
The PIC16C54 
instruc- 
tion set summary 
in Table 9.0.1 lists byte-oriented, 
bit-oriented, 
and literal and control operations. 


For byte-oriented 
instructions, 
"f" represents 
a file 
register designator 
and "d" represents 
a destination 
designator. The file register designator specifies which 
one of the thirty-two 
PIC16C54 file registers 
is to be 
utilized by the instruction. 


The destination 
designator specifies where the result 
of the operation is to be placed. If "d" is zero, the result 
is placed in the W register. If "d" is one, the result is 
placed in the file register specified in the instruction. 


For bit-oriented 
instructions, 
"b" represents a bit field 
designator 
which selects 
the number 
of the bit af- 
fected 
by the 
operation, 
while 
"f" represents 
the 
number of the file in which the bit is located. 


For literal and control operations, 
"k" represents 
an 
eight or nine bit constant or literal value. 


All instructions 
are executed 
within 
one single 
in- 
struction cycle, unless a conditional test is true orthe 
program counter is changed as a result of an instruc- 
tion. In this case, the execution takes two instruction 
cycles. One instruction cycle consists of four oscilla- 
tor periods. 
Thus, for an oscillator 
frequency 
of 4 
MHz, the normal instruction 
execution time is 1 lis. If 
a conditional 
test is true or the program 
counter 
is 
changed as a result of an instruction, 
the instruction 
execution 
time is 2 lis. 


Note: 
RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 


Notes to Table 9.0.1 


Note 1: The 9th bit of the program 
counter 
will be 
forced 
to a "zero" 
by any instruction 
that 
writes to the PC (f2) except for GOTO (e.g. 
CALL, MOVWF 2 etc.). 
See Section 3.3 on 
page 8 for details. 


Note 2: When an 1/0 register is modified as a function 
of itself ( e.g. MOVF 6,1 ), the value used will 
be that value present on the pins themselves. 
For example, if the data latch is '1' for a pin 
configured 
as output and is driven low by an 
external device, the data will be written back 
with a '0'. 


Note 3: The instruction 
'TRIS 
f' , where f = 5 or 6 
causes the contents 
of the W register to be 
written to the tristate latches of the specified 
file (port). A 'one' 
forces 
the pin to a high 
impedance 
state 
and 
disables 
the output 
buffers. 


Note 4: If this instruction 
is executed on file register 
f1 (and, where applicable, 
d=1), the pres- 
caler will be cleared if assigned to the RTCC. 


• 


(11-6) 
(5) 
(4 - 0) 


BYTE-ORIENTED 
FILE 
REGISTER 
OPERATIONS 
I 
OPCODE 
~ 
I(FILE 
#) I 


d = 0 lor destination 
W 
d = 1 lor destination 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


0001 
11df 
ffff 
1ef 
Add Wand I 
ADDWF 
I, d 
W+I~d 
C,DC,Z 
1,2,4 


0001 
01df 
ffff 
14f 
AND Wand I 
ANDWF 
I, d 
W&I~d 
Z 
2,4 


0000 
011f 
Hff 
06f 
Clear I 
CLRF 
I 
O~I 
Z 
4 
0000 
0100 
0000 
040 
ClearW 
CLRW 
- 
O~W 
Z 


0010 
01df 
ffff 
24f 
Complement I 
COMF 
I, d 
!~d 
Z 
2,4 


0000 
11df 
ffff 
oef 
Decrement I 
DECF 
I, d 
1-1 ~d 
Z 
2,4 


0010 
11df 
ffff 
2ef 
Decrement I, Skip il Zero 
DECFSZ 
t, d 
1- 1 ~ 
d, skip il zero 
None 
2,4 


0010 
10df 
ffff 
28f 
Increment I 
INCF 
t, d 
1+1 ~d 
Z 
2,4 


0011 
11df 
ffff 
3ef 
Increment I, Skip il zero 
INCFSZ 
I, d 
1+ 1 ~ 
d, skip il zero 
None 
2,4 


0001 
OOdf 
ffff 
10f 
Inclusive OR Wand I 
IORWF 
I, d 
Wvl~d 
Z 
2,4 


0010 
OOdf 
ffff 
20f 
Move I 
MOVF 
I, d 
I~d 
Z 
2,4 


0000 
OOlf 
Hff 
02f 
Move W to I 
MOVWF 
I 
W~I 
None 
1,4 


0000 
0000 
0000 
000 
No Operation 
NOP 
- 
- 
None 


0011 
01df 
ffff 
34f 
Rotate left I 
RLF 
I, d 
I(n) ~ 
d(n+1), C ~ 
d(O), 1(7) ~ 
C 
C 
2,4 


0011 
OOdf 
ffff 
30f 
Rotate right I 
RRF 
I, d 
I(n) ~ 
d(n-1), C ~ 
d(7), 1(0) ~ 
C 
C 
2,4 


0000 
10df 
ffff 
08f 
Subtract W Irom I 
SUBWF 
I, d 
1- W ~ 
d [I + Vii + 1 ~ 
d] 
C,DC,Z 
1,2,4 


0011 
10df 
ffff 
38f 
Swap halves I 
SWAPF 
I, d 
1(0-3) foot 1(4-7) ~ 
d 
None 
2,4 
0001 
10df 
ffff 
18f 
Exclusive OR Wand I 
XORWF 
I, d 
Wel~d 
Z 
2,4 


(11-8) 
(7-5) 
(4 -0) 
BIT-ORIENTED 
FILE 
REGISTER 
OPERATIONS 
I 
OPCODE 
I b(BIT 
#) I 
I(FILE#) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


0100 
bbbf 
ffff 
4bf 
Bit Clear I 
BCF 
I, b 
O~I(b) 
None 
2,4 


0101 
bbbf 
ffff 
Sbf 
Bit Setl 
BSF 
I, b 
1 ~I(b) 
None 
2,4 


0110 
bbbf 
ffff 
6bf 
Bit Test I, Skip il Clear 
BTFSC 
I, b 
Test bit (b) in Iile (I): Skip il clear 
None 
0111 
bbbf 
ffff 
7bf 
Bit Test I, Skip il Set 
BTFSS 
I, b 
Test bit (b) in file (I): Skip il set 
None 


(11-8) 
(7 - 0) 


LITERAL 
AND 
CONTROL 
OPERATIONS 
I 
OPCODE 
I 
k (LITERAL) 
I 


Instruction-Binary 
(Hex) 
Name 
Mnemonic, 
Operands 
Operation 
Status Affected 
Notes 


111 0 kkkk 
kkkk 
Ekk 
AND Literal and W 
ANDLW 
k 
k&W~W 
Z 
1001 kkkk 
kkkk 
9kk 
Call subroutine 
CALL 
k 
PC + 1 ~ 
Stack, k ~ 
PC 
None 
1 
0000 
0000 
0100 
004 
Clear Watchdog timer 
CLRWDT 
- 
o ~ WDT (and prescaler, il assigned) 
TO, PO 
101k 
kkkk 
kkkk 
Akk 
Go To address (k is 9 bit) 
GOTO 
k 
k ~ 
PC (9 bits) 
None 
1101 kkkk 
kkkk 
Dkk 
Incl. OR Literal and W 
IORLW 
k 
kvW~W 
Z 
1100 kkkk 
kkkk 
ekk 
Move Literal to W 
MOVLW 
k 
k~W 
None 
0000 
0000 
0010 
002 
Load OPTION register 
OPTION - 
W ~ 
OPTION register 
None 
1000 kkkk 
kkkk 
8kk 
Return, place Literal in W 
RETLW 
k 
k ~ 
W, Stack ~ 
PC 
None 
0000 
0000 
0011 
003 
Go into standby mode 
SLEEP 
- 
o ~ 
WOT, stop oscillator 
TO,PO 
0000 
0000 
Offf 
OOf 
Tristate port I 
TRIS 
I 
W~ 
1/0 control register I 
None 
3 
1111 
kkkk 
kkkk 
Fkk 
Excl. OR Literal and W 
XORLW 
k 
keW~W 
Z 
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9.1 
INSTRUCTION 
DESCRIPTION 
BSF 
Bit Set f 


ADDWF 
ADD W to f 
Syntax: 
BSF 
I,b 


Syntax: 
ADDWF 
I,d 
Encoding: 
~ 


Encoding: 
~ 
Words: 
1 


Words: 
1 
Cycles: 
1 


Cycles: 
1 
Operation: 
1 -t I(b) 


Operation: 
(W+I)-td 
Status bits: 
None 


Status bits: 
C,DC,Z 
Description: 
Bit "b" in register"!" is set to 1. 


Description: 
Add the contents 01 the W register to 
BTFSC 
Bit Test. skip if Clear 


register '". 
II "d" is 0 the result is stored 
Syntax: 
BTFSC 
I,b 
in the W register. 
II"cr is 1 the result is 
~ 
stored back in register '". 
Encoding: 


ANDLW 
AND Literal and W 
Words: 
1 


Syntax: 
ANDLW 
k 
Cycles: 
1(2) 


Encoding: 
11110 I kkkk I kkkk 1 
Operation: 
skip if I(b) = 0 
• 


Status bits: 
None 
Words: 
1 


Cycles: 
1 
Description: 
II bit "b" in register"f' 
is "0" then the next 
instruction is skipped. 


Operation: 
(W .AND. k) -t W 
IIbit "b" is"0", the next instruction,letched 
Status bits: 
Z 
dUring the current instruction execution, 


Description: 
The contents 01 W register are AND'ed 
is discarded and a NOP is executed in· 


with the eight bit literal"k". 
The result is 
stead making this a 2 cycle instruction. 


placed in the W register. 
BTFSS 
Bit Test. skip if Set 


ANDWF 
ANDWwith 
f 
Syntax: 
BTFSS 
I,b 


Syntax: 
ANDWF 
I,d 
Encoding: 
~ 
Encoding: 
~ 
Words: 
1 


Words: 
1 
Cycles: 
1 (2) 


Cycles: 
1 
Operation: 
skip if I(b) = 1 


Operation: 
(W .AND. f) -t d 
Status bits: 
None 


Status bits: 
Z 
Description: 
II bit "b" in register"!" 
is "1" then the next 


Description: 
AND the W register with register"!". 
II"cr 
instruction is skipped. 


is 0 the result is stored in the W register. 
IIbit "b" is "1", the next instruction, letched 
If "cr is 1 the result is stored back in 
during the current instruction execution, 


register "f'. 
is discarded and a NOP is executed in· 


BCF 
Bit Clear f 
stead making this a 2 cycle instruction. 


Syntax: 
BCF 
I,b 
CALL 
Subroutine 
Call 


Encoding: 
~ 
Syntax: 
CALL 
k 


Words: 
1 
Encoding: 
11001 I kkkk I kkkk I 


Cycles: 
1 
Words: 
1 


Operation: 
o -t I(b) 
Cycles: 
2 


Status bits: 
None 
Operation: 
PC + 1 -t TOS; k -t PC<7:0>, 
'0' -t PC<8>, PA2, PA1, PAO-t 


Description: 
Bit "b" in register"!" 
is reset to O. 
PC<11:9>; 


Status bits: 
None 


Description: 
Subroutine call. First, retum address (PC 
+ 1) is pushed into the stack. The eight bit 
value is loaded into PC bits <7:0>. PC bit 
9 iscleared. PC <2:0> bits are loaded into 
PC <11 :9>. CALL is a two cycle instruc- 
tion. 


CLRF 
Clear f and Clear d 


Syntax: 
CLRF 
I,d 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
OOh-t I, OOh-t d 


Status bits: 
None 


Description: 
The contents 01register T are set to O. II 
"c!' is 0 the contents 01both data memory 
location '" and W register are set to O. II 
"c!' is 1the only contents 01register"f' are 
set to O. 


CLRW 
Clear W Register 


Syntax: 
CLRW 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
OOh-tW 


Status bits: 
Z 


Description: 
W registered iscleared. Zero bit (Z) isset. 


CLRWDT 
Clear Watchdog Timer 


Syntax: 
CLRWDT 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
OOh-tWDT, 
0 -t WDT prescaler, 


Status bits: 
1 -t TO, 1 -t PO 


Description: 
CLRWDT instruction resets the watch- 
dog timer. It also resets the prescaler 01 
the WDT. Status bits TO and PO are set. 


COMF 
Complement 
f 


Syntax: 
COMF 
I,d 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
I -t 
d 


Status bits: 
Z 


Description: 
The contents 01 register T are comple- 
mented. II"d" is 0 the result is stored inW. 
II "d" is 1 the result is stored back in 
register "f'. 
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Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


GOTO 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Decrement 
f 


DECF 
I,d 


~ 
1 


1 


(1-1)-td 


C,DC,Z 


Decrement registerT. 
11"d"is 0 the result 


is stored in the W register. 
II "d" is 1 the 
result is stored back in register "f'. 


Decrement f, skip if 0 


DECFSZ 
I,d 


~ 
1 


1 (2) 


(I -1) -t d; skip if result = 0 


None 


The contents 01 register T 
are decre- 
mented. 
II "d" is 0 the result is placed in 
the W register. 
II "d" is 1 the result is 
placed back in register"f'. 
II the result is 
o the next instruction is skipped. 


II the result is 0, the next instruction, 
which is already fetched, is discarded. 
A 


NOP is executed instead making it a two 
cycle instruction. 


Unconditional 
Branch 


GOTO 
k 


110lk I kkkk I kkkk I 


1 


2 


k -t PC<8:0>, PA2, PA1, PAO 


-t 
PC<11 :9>; 


None 


GOTO is an unconditional branch. 
The 
eleven bit immediate value is loaded into 
PC bits <10:0>. The upper bits 01PC are 
loaded Irom PCLATH <4:3>. GOTO is a 
two cycle instruction. 


Increment f 


INCF 
I,d 


~ 
1 


1 


(1+1)-td 


C,DC,Z 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


The contents of register "f' are incre- 
mented. 
If "d" is 0 the result is placed in 
the W register. 
If "d" is 1 the result is 
placed back in register "f'. 


Increment 1.skip if 0 


INCFSZ 
f,d 


~ 
1 


1 (2) 


(f + 1) ~ d, skip if result = 0 


None 


The contents of register "f' are incre- 
mented. 
If "d" is 0 the result is placed in 
the W register. 
If"cr 
is 1 the result is 
placed back in register "f'. If the result is 
o the next instruction is skipped. 


If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 


Inclusive OR Literal with W 


IORLW 
k 


11101 
1 kkkk I kkkk I 


1 


1 


(W .OR.k)~W 


Z 


Description: 
The contents of the W register are OR'ed 
with the eight bit literal "k". The result is 
placed in the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Inclusive OR W with f 


IORWF 
f,d 


~ 
1 


1 


(W .OR. f) ~d 


Z 


Inclusive OR the W register with register 
"f'. If "d" is 0 the result is stored in the W 
register. If "d" is 1the result is stored back 
in register "f'. 
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Movef 


MOVF 
f,d 


~ 
1 


1 


(f)~d 


Z 


The contents of register 'f" are moved. If 
"d" is 0 the result is placed in the W 
register. 
If "d" is 1 the result is placed 
back in register "f". 


Move Literal to W 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 
MOVLW 
k 


Encoding: 
11100 I kkkk I kkkk I 


Words: 
1 
•• 


Cycles: 
1 


Operation: 
k~W 


Status bits: 
None 


Description: 
The 
eight bit literal "k" is loaded into W 
register. 


MOVWF 
MoveWtof 


Syntax: 
MOVWF 
f 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
W~f 


Status bits: 
None 


Description: 
Move data from W register to register "f'. 


NOP 
No Operation 


Syntax: 
NOP 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
No operation 


Status bits: 
None 


Description: 
No operation 


OPTION 
Load Option Register 


Syntax: 
OPTION 


Encoding: 
~ 
Words: 
1 


Cycles: 
1 


Operation: 
W ~OPTION; 


Status bits: 
None 


Description: 
The contents of the W register is loaded in 
the OPTION register. 
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RETLW 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


RLF 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


SLEEP 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Return 
Literal to W 


RETLW 
k 


11000 I kkkk I kkkk I 


1 


2 


k -t W; TOS -t PC; 


None 


The W register is loaded with the eight bit 
literal"k". The program counter is loaded 
from the top 01 the stack (the 
retum 
address). This is a two cycle instruction. 


Rotate 
Left 
f through 
Carry 


RLF 
f,d 


~ 
1 


1 


f<n> -t d<n+ 1>, f<7> -t C, C -t 
d<O>; 


C 


The contents of register "f" are rotated 
one bit to the left through the Carry Flag. 
If "d" is 0 the result is placed in the W 
register. II "d" is 1the result is stored back 
in register "f". 


Rotate 
Right 
f through 
Carry 


RRF 
I,d 


~ 
1 


1 


f<n> -td<n-1>, 
f<0> -tC, 
C-td<7>; 


C 


The contents of register "f" are rotated 
one bit to the right through the Carry Flag. 
If "d" is 0 the result is placed in the W 
register. If"d" is 1the result is placed back 
in register "f". 


SLEEP 


~ 
1 


1 
o -t PD, 1 -t TO; 
OOh-t WDT, 0 -t WDT prescaler; 


TO,PD 


Description: 
The power down status bit (PD) iscleared. 
Time-out status bit (TO) is set. Watchdog 
Timer and its prescaler are cleared. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


The processor is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 


Subtract 
W 
from f 


SUBWF 
f,d 


~ 
1 


1 


(I-W) 
-t d 


C,DC,Z 


~lrf 
Ox20 
movlw 
1 
subwf 
Ox20 


;f(20h)=0 
;wreg=l 
;f(20h)=f(20h)-wreg=0-1=FFh 
;Carry=O; Result 
is negative 


~ovlw 
movwf 
clrw 
subwf 
O=FFh 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


;f(20h)=FFh 
;wreg=O 
;f(20h)=f(20h)-wreg=FFh- 


Subtract (2's complement method) the W 
register Irom register "f". 
II "d" is 0 the 


result is stored in the W register. II "d" is 
1 the result is stored back in register "f". 


Swap f 


SWAPF 
f,d 


~ 
1 


1 


f<0:3> 
-t 
d<4:7>, f<4:7> -t 
d<0:3>; 


None 


The upper and lower nibbles of register "f" 
are exchanged. 
If "d" is 0 the result is 


placed in W register. If"d" is 1 the result 
is placed in register "f". 


Load TRIS 
Register 


TRIS 
I 


~ 
1 


1 


W -t 
TRIS register f; 


None 


Description: 
TRIS registerf (I =5, 6 or7) is loaded with 
the contents 01 the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Exclusive 
OR literal with W 


XORLW 
k 


11111 I kkkk I kkkk I 


1 


1 


(W .XOR. k) ~ W 


Z 


Description: 
The contents oftheW register are XOR'ed 
with the eight bit literal ok". The result is 
placed in the W register. 


Syntax: 


Encoding: 


Words: 


Cycles: 


Operation: 


Status bits: 


Description: 


Exclusive 
OR W with f 


XORWF 
f,d 


~ 
1 


1 


(W .XOR. 1)~ d 


Z 


Exclusive OR the contents of the W reg- 
ister with register T. If "d" is 0 the result 
is stored in the W register. If "d" is 1 the 
result is stored back in register T. 


The watchdog timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even 
if the clock on the OSC1/0SC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. 
A WDT timeout generates a device RE- 
SET condition. 
The WDT can be permanently 
dis- 
abled by programming 
a "zero' into a special EPROM 


fuse which is not part of the normal program memory 
EPROM. The development tools provide special com- 
mands to program this fuse. 


10.1 WDT PERIOD 


The WDT has a nominal time-out 
period of 18 ms, 
(with no prescaler). 
The time-out 
periods vary with 


temperature, 
Voo and process variations from part to 
part (see DC specs). 
If longer time-out periods are 


desired, a prescaler with a division ratio of up to 1:128 
can be assigned to the WDT under software control 
by writing 
to the OPTION 
register. 
ThUS, time-out 


periods up to 2.5 seconds can be realized. 


The 'CLRWDT' 
and 'SLEEP' 
instructions 
clear the 


WDT and the prescaler, 
if assigned to the WDT, and 


prevent it from timing out and generating 
a device 


RESET condition. 


The status bit 'TO' 
in file register f3 will be cleared 
upon a watchdog timer timeout. 
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The WDT period is a function of the supply voltage, 
operating temperature, 
and will also vary from unit to 
unit due to variations 
in the manufacturing 
process. 


Please refer to the graphs in Section 
17.0 and DC 
specs for more details. 


10.2 WDT PROGRAMMING 
CONSIDERATIONS 


In a noisy application 
environment 
the OPTION reg- 


ister can get corrupted. 
The OPTION register should 
be updated at regular intervals. 


It should also be taken in account that under worst 
case 
conditions 
(Voo = Minimum, 
Temperature 
= 
Maximum, 
maximum 
WDT 
prescaler) 
it may take 
several seconds before a WDT timeout occurs. 


11.1 OSCILLATOR TYPES 


The MTA81 010 series is available with three different 
oscillator 
options. 
On OTP and QTP devices, 
the 
oscillator configuration 
is programmed 
by the factory 
and the parts are tested only to the according speci- 
fications. 


11.2 CRYSTAL OSCILLATOR 


The MTA81 010, -XT, or LP needs a crystal or ceramic 
resonator connected 
to the OSC1 and OSC2 pins to 
establish oscillation 
(Figure 11.2.1). 
XT = Standard 
crystal oscillator, 
LP = low power crystal oscillator. 


The series resistor Rs may be required in XT mode 
with AT strip-cut type crystals to avoid overdriving. 


11.3 RC OSCILLATOR 


For timing insensitive 
applications 
the 'RC' 
device 
option offers additional cost savings. The RC oscilla- 
tor frequency 
is a function of the supply voltage, the 
resistor (Rext) 
and capacitor 
(Cext) values, and the 
operation temperature. 
In addition to this, the oscilla- 
tor frequency will vary from unit to unit due to normal 
process parameter variation. 
Furthermore, the differ- 
ence in lead frame 
capacitance 
between 
package 
types will also affect the oscillation 
frequency, 
espe- 
cially for low Cext values. The user also needs to take 
into account variation 
due to tolerance 
of external R 
and C components 
used. 
Figure 11.3.1 shows how 
the R/C combination 
is connected to the MTA81010. 
For Rext values below 2.2 kOhm, the oscillator opera- 
tion may become unstable, or stop completely. 
For 
very high Rext values (e.g. 1 MOhm), the oscillator 
becomes 
sensitive 
to noise, humidity 
and leakage. 


Thus, we recommend to keep Rext between 5 kOhm 
and 100 kOhm. 


Although the oscillator 
will operate with no external 
capacitor (Cext = 0 pF), we recommend 
using values 
above 20 pF for noise and stability reasons. 
With no 
small external capacitance, 
the oscillation frequency 


can vary dramatically 
due to changes 
in external 
capacitances, 
such 
as PCB trace 
capacitance 
or 


package lead frame capacitance. 


•• 


See Table 17.0.1 for RC frequency variation from part 
to part due to normal process variation. 
The variation 


is larger for larger R (since leakage current variation 
will affect 
RC frequency 
more for large R) and for 


smaller 
C (since variation 
of input capacitance 
will 


affect RC frequency 
more). 


See characteristics 
in Section 
17.0 for variation 
of 


oscillator 
frequency 
due to Voo for given RextlCext 


values as well as frequency variation due to operating 
temperature 
for given R, C, and Voo values. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT 
pin, and can be used for test 


purposes 
or to synchronize 
other logic (see Figure 


2.2.1 for timing). 


FIGURE 11.2.1 - CRYSTAL OPERATION 


(OR CERAMIC RESONATOR) 
XT OR LP TYPES ONLY) 
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Rs may be required 
in XT mode for AT strip-cut 
crystals 
to 


avoid overdriving. 
See Tables 
11.2.1 and 11.2.2 for recom- 


mended 
values of C1, C2 per oscillator 
type and frequency. 


TABLE 11.2.1 - CAPACITOR 
SELECTION 
FOR CERAMIC RESONATORS 


Oscillator 
Resonator 
Capacitor 
Range 
Type 
Frequency 
C1 =C2 


XT 
455 KHz 
150 - 330 pF 


2.0 MHz 
20 - 330 pF 


4.0 MHz 
20 - 330 pF 


Higher capacitance 
increases the stability 
of oscilla- 
tor but also increases the start-up time. These values 
are for design guidance only. 
Since each resonator 


has its own characteristics, 
the user should consult 
the resonator manufacturer 
for appropriate 
values of 


external components. 


FIGURE 11.2.2 - EXTERNAL CLOCK 


INPUT OPERATION 
(XT OR LP TYPES ONLY) 


TABLE 
11.2.2 - CAPACITOR 
SELECTION 


FOR CRYSTAL OSCILLATOR 


Osc 
Freq 
C1 
C2 


Type 


LP 
32 KHz 
15 pF 
15 pF 


XT 
100 KHz 
15 -30 pF 
200 -300 pF 


200 KHz 
15 - 30 pF 
100 - 200 pF 


455 KHz 
15 - 30 pF 
15 -100 pF 


1 MHz 
15 - 30 pF 
15 - 30 pF 


2MHz 
15 pF 
15 pF 


4 MHz 
15 pF 
15 pF 


Higher capacitance 
increases the stability of oscilla- 
tor but also increases the start-up time. These values 
are for design guidance only. 
Rs may be required in 


XT mode to avoid overdriving 
crystals with low drive 


level specification. 
Since each crystal 
has its own 


characteristics, 
the user should consult 
the crystal 


manufacturer 
for appropriate values of external com- 


ponents. 


FIGURE 11.3.1 - RC OSCILLATOR 
(RC 


TYPE ONLY) 


Gext I 
vss 
~ 


OSC1 


MTA81010 


OSC2ICLKOUT 


FIGURE 12.1.1 - EXTERNAL POWER ON 
RESET CIRCUIT 


D 
R 


Rl 


Notes: 
-= 


1. Externalpoweron reset circu~is requiredonly ij VDD 
power-up slope is too slow or if a low frequency 
crystal oscillator is being used that need a long 
start-up time. 
The diode D helps discharge the 


capac~orquicklywhenVOOpowersdown. 


2. 
R < 40 KO must be observed to make sure that 
voltage drop across R does not exceed 0.2 V 
(maximumleakagecurrentspecificationon ~ 
pin 
is 5 ~A). A largervo~agedrop will degrade VIHlevel 
on~pln. 


3. Rl= 1000 to lKO will lim~ any current flowing into 
MCLRfrom externalcapacitorC inthe event of MCLR 
pin breakdowndueto ESDor EOS. 


FIGURE 12.1.2 - BROWN OUT 
PROTECTION CIRCUIT 


Notes: 
1. This circuit will activate reset when Voo goe~ 
below(VZ+ 0.7 V) whereVz = Zenervo~age. 


FIGURE 12.1.3 - BROWN OUT 
PROTECTION CIRCUIT 


Notes: 
1. This brown circuit is less expensive, albeit less 


accurate. Transistor 01 turns off when VOO is 
belowa certainlevelsuchthat: 


R1 
VOOoR1+R2 = 0.7V. 
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12.0 OSCILLATOR START-UP 


TIMER (OST) 


Oscillator circuits based on crystals or ceramic reso- 
nators require a certain time after power-up to estab- 
lish a stable oscillation. 
An on-chip oscillator start-up 


timer is provided which keeps the device in a RESET 
condition for approximately 
18 ms after the voltage on 


the MCIR pin has reached a logic high (VIHMC)level. 
Thus, extemal 
RC networks connected 
to the MCLR 


input are not required 
in most cases, 
allowing 
for 


savings in cost-sensitive 
and/or space restricted ap- 


plications. 


The OST will also be triggered upon a watchdog timer 
timeout. This is particularly 
important for applications 


using the WDTto 
awake the MTA81010 from SLEEP 


mode automatically. 


The OST is not adequate for low frequency 
crystals 


which require much longer than 18 ms to start up and 
stabilize. 


12.1 
POWER ON RESET (POR) 


The MTA81010 
incorporates 
an on chip Power On 


Reset (POR) circuitry 
which provides 
intemal 
chip 


reset for 
most 
power-up 
situations. 
To use this 


feature 
the user merely 
needs to tie MCLR pin to 


MCVoo. 
A simplified 
block diagram 
of the on-chip 


power on reset circuit is shown in Figure 12.1.4. The 
power on reset circuit and the oscillator start-up timer 
circuit 
are closely 
related. 
On power-up 
the reset 


latch is set and the start-up timer (see Figure 12.1.4) 
is reset. 
The start-up timer begins counting 
once it 


detects MCLR to be high. 
After the time-out 
period, 


which is typically 
18 ms, it will reset the reset-latch 


and thus end the on-chip reset signal. 


Figures 
12.1.5 and 12.1.6 are two power-up 
situa- 


tions 
with 
relatively 
fast rise time on MCVoo. 
In 


Figure 12.1.5, MCVoo is allowed to rise and stabilize 
before bringing 
MCLR high. 
The chip will actually 


come out of reset tOSTms after MCLR goes high. 
In 


Figure 12.1.6, the on chip power-on 
reset feature is 


being utilized (MCLR and MCVoo are tied together). 
The MCVoo is stable before the start-up timer times 
out and there is no problem in getting a proper reset. 
Figure 12.1.7 depicts a potentially problematic 
situa- 


tion where MCVoo rises too slowly. 
In this situation, 


when the start-up 
timer times out, MCVoo has not 


reached the MCVoo (minimum) value and the chip is 
therefore 
not guaranteed 
to function correctly. 


To summarize, the on chip power-on reset is guaran- 
teed to work if the rate of rise of MCVoo is no slower 
than 0.05 V/ms. 
It is also necessary that the MCVoo 


starts from OV. The on chip power on reset is also not 
adequate 
for low frequency 
crystals 
which 
require 


much longer than 18 ms to start up and stabilize. 
For 


such 
situations, 
we recommend 
that 
external 
RC 


circuits are used for longer power on reset. 
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When Voo rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset properly if, and only if, V1., VOOMIN. 


The power 
down mode 
is entered 
by executing 
a 
SLEEP instruction. 


If enabled, 
the watchdog 
timer will be cleared 
but 
keeps running, the bit "PO" in the status register (f3) 
is cleared, the "TO" bit is set, and the oscillator driver 
is turned off. The I/O ports maintain the status they 
had, before the SLEEP command was executed (driv- 
ing high, low, or hi-impedance). 


For lowest current consumption 
in this mode, all I/O 
pins should be either at Voo, or Vss, with no external 
circuitry drawing current from the I/O pin. I/O pins that 
are in the High-Z mode should be pulled high or low 
externally to avoid switching currents caused by float- 
ing inputs. 
The RTCC input should also be at Voo or 
VSS for lowest current consumption. 


The MCLR pin must be at VIHMC. 


The device 
can be awakened 
by a watchdog 
timer 
timeout (if it is enabled) or an externally applied "low" 
pulse at the MCLR pin. In both cases the PIC16C54 
will stay in RESET mode for one oscillator 
start-up 
timer period (triggered from rising edge on MCLR or 
WOT timeout) 
before normal program execution 
re- 
sumes. 


The "PO" bit in the STATUS register, which is set to 
one during 
power on, but cleared 
by the "SLEEP" 
command, can be used to determine 
if the processor 
was powered up or awakened from the power down 
mode 
(Table 
3.5.1.2). 
The TO bit in the 
Status 


register can be used to determine ilthe "wake up" was 
caused 
by an external MCLR signal or a watchdog 
timer time out. 


NOTE: 
Some applications 
may require external R/C 
networks 
on the 
MCLR 
pin in order 
to allow 
for 
oscillator start-up times longer than one OST period. 
In this case, a WOT wake up from power down mode 
is not recommended, 
because 
a RESET generated 


by a WOT time out does not discharge 
the external 
4 


capacitor, 
and the PIC16C54 will be in RESET only 
for the oscillator start-up timer period. 


The configuration 
EPROM consists of four EPROM 
fuses which are not part of the nonmal EPROM for 
program storage. 


Two are for the selection of the oscillator type, one is 
the watchdog timer enable fuse, and one is the code 
protection fuse. 


OTP or aTP devices have the oscillator configuration 
programmed 
by the factory and the parts are tested 
accordingly. 
The packages 
are marked 
with the 
suffixes "XT", "RC" or "LP" following the part number 
to identify the oscillator type and operating 
range. 


14.1 CUSTOMER 10 CODE 


The MTA81010 
series has 16 special 
EPROM bits 
which are not part of the normal program 
memory. 


These 
bits are available 
to the 
user to store 
an 
identifier 
(10) code, checksum, 
or other infonmative 
data. They cannot be accessed 
during normal pro- 
gram 
execution. 
Programmers 
designed 
for the 
MTA81010 
provide 
special 
commands 
to read or 
write these 10 bits. 


14.2 
CODE PROTECTION 


The program 
code written into the EPROM can be 
protected 
by programming 
the code protection 
fuse 
with "0". 


When code protected, 
the contents 
of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. 
In addition, 
all memory 
locations 
starting 
at 040h and above are protected 
against programming. 


It is still possible to program locations OOOh- 03Fh, 
the 10 locations and the configuration 
fuses. 


Note that the configuration 
fuses and the 10 bits can 
still be read, even if the code protection logic is active. 
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14.2.1 Verifying 
a Code-protected 
PIC16C54 


When code protected verifying any program memory 
location will read a scrambled output which looks like 
"OOOOOOOOXXXX"(binary) where X is 1 or O. To verify 
a device after code protection, follow this procedure: 


a. 
First, program and verify a good device without 
code protecting 
it. 


b. 
Next, blow its code protection fuse and then load 
its contents in a file. 


c. 
Verily any code-protected 
PIC16CS4 againstthis 
file. 


15.0 
MICROCONTROLLER 
ELECTRICAL 
CHARACTERISTICS 


15.1 ABSOLUTE 
MAXIMUM RATINGS· 


Ambient temperature 
under bias 
-SS·C to +12S'C 


Storage Temperature 
- 6S'C to +1S0'C 


Voltage on any pin with respect to VSS 
(except Voo and MCLR) 
-0.6V to Voo +0.6V 


Voltage on Voo with respect to VSS 
o to +9.SV 


Voltage on MCLR with respect to Vss 
(Note 2) 
0 to +14V 


Total power Dissipation 
(Note 1) 
800 mW 


Maximum Current out of Vss pin 
150 mA 


Maximum Current into Voo pin 
50 mA 


Maximum Current into an input pin 
±SOOitA 


Maximum Output Current sinked by any 
I/O pin 
25 mA 


Maximum Output Current sourced by 
any I/O pin 
20 mA 


Maximum Output Current sourced by a 
single I/O port (Port A or B) 
40 mA 


Maximum Output Current sinked by a single 
I/O port (Port A or B) 
50 mA 


'Notice: 
Stresses 
above those 
listed under "Maximum 
Rat- 
ings" may cause permanent 
damage to the device. 
This is a 


stress rating only and functional 
operation of the device at those 


or any other conditions 
above those indicated in the operation 


listings of this specnication 
is not implied. 
Exposure 
to maxi- 


mum rating conditions 
for extended 
periods may affect device 


reliability. 


Notes: 


1. Total power dissipation 
should not exceed 800 


mW for the package. 
Power dissipation 
is calcu- 


lated as follows: 


Pdis = Voo x {Ioo - L loh} + L {(Voo-Voh) 
x loh} 
+ L(Vol x 101) 


2. 
Voltage spikes below Vss at the MCLR pin, induc- 
ing currents greater than 80mA, may cause latch- 
up. Thus, a series resistor of 50-1000 
should be 


used when applying a "low' level to the MCLR pin 
rather than pulling this pin directly to Vss. 


Name 
Function 
Observation 


RAO- RA3 
I/O PORTA 
4 inpuVoutput lines 


ROO- RB7 
I/O PORTB 
8 inpuVoutput lines 


RTCC 
Real Time Clock/Counter 
Schmitt Trigger Input 


Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption 
-- 
MCLR 
Master Clear 
Schmitt Trigger Input 


A "Low" voltage on this input generates a RESET condition 
for the MTA81010 microcontroller 


A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Voo 


OSC1 
Oscillator (input) 
"XT" and "LP" devices: Input temninal for crystal, ceramic 
resonator, or external clock generator 


"RC" devices: Driver temninal for external RC combination 
to establish oscillation 


OSC2/CLKOUT 
Oscillator (output) 
For "XT" and "LP" devices: Output temninal for crystal and 
ceramic resonator. Do not connect any other load to this 
output. 
Leave open if external clock generator is used 


For "RC" devices: 
A "CLKOUT" signal with a frequency of 


1/4 Fosc1is put out on this pin 


MCVoo 
Power supply 


Vss 
Ground 


NlC 
No (intemal) Connection 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER SUPPLY PINS 
Operating temperature 
Os TA S +70·C, unless otherwise stated 


Operating voltage 
Voo = 3.0V to S.SV unless otherwise stated 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Supply 
Voltage 


MTA81010-XT 
Vooxt 
3.0 
6.25 
V 
Fosc= DC to 4 MHz 


MTA81010-RC 
Voorc 
3.0 
6.25 
V 
Fosc= DC to 4 MHz 


MTA81010-LP 
Voolp 
2.5 
6.25 
V 
Fosc= DC to 40 KHz 


RAM Data Retention 
VoR 
1.5 
V 
Device in SLEEP mode 


Voltage (Note 3) 


Voo start voltage to 
VPOR 
Vss 
V 
See Section 13.1 for details on power on 


guarantee 
power on reset 
reset 


Voo rise rete to guarantee 
Svoo 
0.05" 
V/ms 
See Section 13.1 for details on power on 


power on reset 


Supply 
Current 
(Note 2) 


MTA81010-XT 
looxt 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = S.SV 


MTA81010-RC 
(Note 5) 
loorc 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = S.SV 


MTA81010-LP 
loolp 
15 
32 
J.lA 
Fosc= 32 KHz, VOO=3.0V,WDT disabled 


Power Down Current 


(Note 4) 


MTA81010 
Ipol 
4 
12 
IlA 
Voo = 3.0V, WDT enabled 


Ip02 
0.6 
9 
IlA 
Voo = 3.0V, WDT disabled 


Data in the column labeled "Typical" is based on characterization 
results at 2S·C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 


The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current 
consumption. 


a) The test conditions for all 100measurements in active operation mode are: 


OSC1 = extemal square wave, from railto rail; all VO pins tnstated, pulled to Voo, RT = Voo, MCLR = Voo; WDT 
enabled/disabled 
as specified. 


b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode. 


This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 


The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all VO pins in hi-impedance state and tied to voo and Vss. 


Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 


Note 3: 


Note 4: 


•• 
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DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 


POWER 
SUPPLY 
PINS 
Operating temperature 
-40 $; TA $; +8S"C, unless otherwise stated 


Operating voltage 
Voo = 3.SV to S.SV unless otherwise stated 


Characteristic 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Supply Voltage 


MTA81010·XT 
Vooxt 
3.0 
6.2S 
V 
Fosc= DC to 4 MHz 


MTA81010·RC 
Voorc 
3.0 
6.2S 
V 
Fosc= DC to 4 MHz 


MTA81010·LP 
Voolp 
2.S 
6.2S 
V 
Fosc= DC to 40 KHz 


RAM Data Retention 
VOR 
1.S 
V 
Device in SLEEP mode 


Voltage (Note 3) 


Voo start voltage to 
VPOR 
Vss 
V 
See Section 13.1 for details on power on 


guarantee 
power on reset 
reset 


Voo rise rate to guarantee 
Svoo 
O.OS' 
V/ms 
See Section 13.1 for details on power on 


power on reset 
reset 


Supply 
Current 
(Note 2) 


MTA81010-XT 
looxt 
1.8 
3.3 
mA 
Fosc= 4 MHz, voo = S.SV 


MTA81010·RC 
(Note S) 
loorc 
1.8 
3.3 
mA 
Fosc= 4 MHz, Voo = S.SV 


MTA81010·LP 
loolp 
19 
40 
llA 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 


Power Down Current 


(Note 4) 


MTA81010 
Ipo1 
S 
14 
llA 
Voo = 3.0V, WDT enabled 


Ipo2 
0.8 
12 
llA 
Voo = 3.0V, WDT disabled 


Data in the column labeled "Typical" is based on characterization 
results at 2S"C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 


The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 


a) The test conditions for all 100 measurements in active operation mode are: 


OSC1 = extemal square wave, from rail to rail; all 1/0 pins tnstated, pulled to Voo, RT= Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 


b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode. 


This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 


The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all VO pins in hi-impedance state and tied to voo and Vss. 


Does not include current through Rex!. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rex! 
(mA) with Rex! in kOhm. 


Note 3: 


Note 4: 


15.5 
MICROCONTROllER 
DC CHARACTERISTICS: 
MTA81010-RC, 
XT, lP (COMMERCIAL) 
MTA810101-RC, XT, lP (INDUSTRIAL) 


DC CHARACTERISTICS, 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 


All 
PINS EXCEPT POWER SUPPLY 
Operating temperature -40 < TA < +85'C for industrial 
and O'C ~ TA ~ +70'C for commercial 
Operating voltage Voo range as described in DC specification 
Tables 16.3 and 16.4 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 1) 


Input Low Voltage 
I/O ports 
VIL 
Vss 
0.2 Voo 
V 
Pin at hi-impedance 
MCLR (Schmitt trigger) 
VILMC 
Vss 
0.15 Voo 
V 
RTCC (Schmitt trigger) 
VILRT 
Vss 
0.15 Voo 
V 
OSC1 (Schmitt trigger) 
VILOSC 
Vss 
0.15 Voo 
V 
MTA81010RC only (Note 5) 
OSC1 
VILOSC 
Vss 
0.3 Voo 
V 
MTA81010-XT, LP 
Input High Voltage 
I/O ports 
VIH 
0.45 Voo 
Voo 
V 
For all Voo (Note 6) 
VIH 
2.0 
Voo 
V 
4.0 V < Voo ~ 5.5 V (Note 6) 
VIH 
0.36 Voo 
voo 
V 
Voo> 5.5 V 
MCLR (Schmitt trigger) 
VIHMC 
0.85 Voo 
Voo 
V 
RTCC (Schmitt trigger) 
VIHRT 
0.85 Voo 
Voo 
V 
OSC1 (Schmitt trigger) 
VIHOSC 
0.85 Voo 
Voo 
V 
MTA81010-RC only (Note 5) 
OSC1 
VIHOSC 
0.7 Voo 
Voo 
V 
MTA81010-XT, LP 
Input Leakage Current 
For VOO::;5.5V 


(Notes 3, 4) 
I/O ports 
ilL 
-1 
0.5 
+1 
~ 
Vss ~ VPIN~ Voo. 


-- 
Pin at hi-impedance 
MCLR 
IILMCL 
-5 
~ 
VPIN= Vss + 0.25V 
MCLR 
IILMCH 
0.5 
+5 
~ 
VPIN= Voo 
RTCC 
IILRT 
-3 
0.5 
+3 
~ 
Vss ~ VPIN~ Voo 
OSC1 
IILOSC1 
-3 
0.5 
+3 
~ 
Vss ~ VPIN~ Voo , 
MTA8101 O-XT, LP 
Output 
Low Voltage 


I/O Ports 
VOL 
0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 
OSC2ICLKOUT 
VOL 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 


(MTA81010-RC) 
Output 
High Voltage 
I/O Ports (Note 4) 
VOH 
Voo-0.7 
V 
IOH= -5.4 mA, Voo = 4.5V 
OSC2ICLKOUT 
VOH 
Voo-0.7 
V 
IOH= -1.0 mA, Voo = 4.5V 


(MTA81010-RC) 


Note 1: Data inthe column labeled "Typical" is based on characterization results at 25' C. This data isfordesign 
guidance 
only and is not tested for, or guaranteed by Microchip Technology. 


Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 


Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent nonnal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 


Note 5: For MTA81010RC 
devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the MTA81010 
be driven with external clock in RC mode. 


Note 6: The user may use better of the two specifications. 


•• 


MTA81010 


15.6 
MICROCONTROLLER 
AC CHARACTERISTICS: 
MTA81010-RC, 
XT, LP (COMMERCIAL) 


MTA810101-RC, XT, LP (INDUSTRIAL) 


AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
(unless 
otherwise 
stated) 
Operating 
temperature 
TA = -40·C 
to +85·C 
(industrial). 


and O·C:s: TA:S: +70·C 
(commercial) 
Operating 
voltage 
Voo 
range 
as described 
in DC specification 
Tables 
16.3 
and 
16.4 


Characteristic 
Sym 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
1) 


External 
CLOCKIN 
FOSCRC 
DC 
4 
MHz 
RC mode 


Frequency 
(Note 2) 
FOSCXT 
DC 
4 
MHz 
XT mode 
I 


FOSCLP 
DC 
40 
KHz 
LP mode 


Oscillator 
Frequency 
FOSCRC 
DC 
4 
MHz 
RC mode 


(Note 2) 
FOSCXT 
0.1 
4 
MHz 
XT mode 


FOSCLP 
DC 
40 
KHz 
LP mode 


Instruction 
Cycle Time 
TCYRC 
1.0 
4IFOSCRC 
DC 
lIS 
RC mode 


(Note 2) 
Tcm 
1.0 
4/FosCXT 
DC 
lIS 
XT mode 


TCYLP 
100 
4IFOSCLP 
DC 
lIS 
LP mode 


External 
Clock in Timing 


(Note 4) 


Clock in (OSC1) High or Low Time 


XT oscillator 
type 
TCKHLXT 
50· 
ns 


LP oscillator 
type 
TCKHLLP 
2· 
lIS 


Clock in (OSC1) Rise or Fall Time 


XT oscillator 
type 
TCKRFXT 
25· 
ns 


LP oscillator 
type 
TCKRFLP 
50· 
ns 


RESET Timing 


MCLR Pulse Width (low) 
TMCL 
100· 
ns 


RTCC Input Timing. 
No Prescaler 


RTCC High Pulse Width 
TRTH 
0.5 Tcy + 20· 
ns 
Note 3 


RTCC Low Pulse Width 
TRTL 
0.5 Tcy + 20· 
ns 
Note 3 


RTCC Input Timing. 
With Prescaler 


RTCC High Pulse Width 
TRTH 
10· 
ns 
Note 3 


RTCC Low Pulse Width 
TRTL 
10· 
ns 
Note 3 


RTCC Period 
TRTP 
Tcy + 40· 
ns 
Note 3. Where N = prescale 


N 
value (2,4 •...• 256) 


Watchdog 
Timer 
TImeout 
Period 


(No Prescaler) 
TWOT 
g. 
18· 
30· 
ms 
Voo = 5.0V 


Oscillation 
Start-up 
Timer 
Period 
TOST 
g. 
18· 
30· 
ms 
Voo = 5.0V 


I/O Timing 


110 Pin Input Valid Before 


CLKOUT •• (RC Mode) 
Tos 
0.25 TcY+ 30· 
ns 


110 Pin Input Hold After 


CLKOUT •• (RC Mode) 
TOH 
O· 
ns 


110 Pin Output Valid After 


CLKOUT0 
(RC Mode) 
TPD 
40· 
ns 


DS39005C 
- page 30 
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NOTES TO AC CHARACTERISTICS: 
MTA8101 Q-RC, XT, LP (COMMERCIAL) 
MTA8101 OI-RC, XT, LP (INDUSTRIAL) 


1. Data in the column labeled 'Typical' is based on charac- 
terization results at 25'C. This data is for design guid- 
ance only and is not tested for, or guaranteed by Micro- 
chip Technology. 


2. Instruction 
cycle period (Tcy) equals four times the 


input oscillator time base period. 


All specified values are based on characterization data 
for that particular oscillator type under standard operat- 
ing conditions with the device executing code. Exceed- 


15.7 
ELECTRICAL 
STRUCTURE 
OF PINS 


ing these specified limits may result in an unstable 
oscillator operation and/or higher than expected current 
consumption. All devices are tested to operate at 'mini- 
mum' values with an external clock applied to the OSC1 
pin. 


When an external clock input is used, the "Maximum" 
cycle time limit is "DC" (no clock) lor all devices. 


3. For a detailed explanation of RTCCinput clock require- 


ments see Section 3.2.1. 


4. Clock-in high-time is the duration for which clock input 


is at VIHOSC or higher. 


Clock-in low-time is the duration for which clock input is 
at VILOSC or lower. 


FIGURE 
15.7.1 - ELECTRICAL 
FIGURE 
16.0.1 - RTCC TIMING 
STRUCTURE OF 1/0 PINS 
(RA, RB, RC) 


FIGURE 
15.7.2 - ELECTRICAL 
STRUCTURE OF MCLR 
AND RTCC PINS 


FIGURE 
16.0.2 - OSCILLATOR 
START-UP TIMING 
(MTA81 01ORC) 


:-- 
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, 
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T1 
I 
, 
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DEVICE 
-- 
RESET 
--: 
FETCH ,. INSTRUCTION 
: 
FETCH 2.INSTRUCTrON 
I 
• 


FUNCTION 
~ EXECUTE 
-FORCED- 
NOP 
; EXECUTE 
,. INSTRUCTION f 


Notesto Figures 15.7.1and 15.7.2:Thediodesandthegrounded gate(or output driver) NMOSdevicearecarefully designedto protect 
against ESD(Electrostatic discharge) and EOS(Electrical overstress). Rinisasmall resistanceto further protectthe input buffer from 
ESD. 
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17.0 
MICROCONTROLLER 
DC & AC 
CHARACTERISTICS 
GRAPHSI 
TABLES: 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. 
In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified Voo 
range). 
This is for information 
only and devices are 
guaranteed to operate properly only within the speci- 
fied range. 


The data presented 
in this section 
is a statistical 


summary of data collected on units from different lots 
over a period of time. 
'Typical' 
represents the mean 
of the distribution 
while 'maximum' or 'minimum' rep- 


resents 
(mean + 30) and (mean - 30) respectively 


where 0 is standard deviation. 


FIGURE 
17.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 
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FIGURE 
17.0.1 - TYPICAL RC OSCILLATOR 
FREQUENCYvsTEMPERATURE 
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FIGURE 
17.0.3 - TYPICAL RC 
OSCILLATOR FREQUENCY vs Voo 
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FIGURE 
17.0.4 - TYPICAL 
RC OSCILLATOR 
FREQUENCY vs Voo 
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FIGURE 
17.0.5 - TYPICAL Ipo vs Voo 
WATCHDOG 
DISABLED 
25'C 
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TABLE 
17.0.1 - RC OSCILLATOR 
FREQUENCIES 


Cext 
Rext 
Average 


Fosc 
@ SV, 2S'C 


20pf 
3.3k 
4.71 MHz 
±28% 


5k 
3.31 MHz 
±25% 


10k 
1.91 MHz 
±24% 


100k 
207.76 KHz 
±39% 


100pf 
3.3k 
1.65 MHz 
±18% 


5k 
1.23 MHz 
±21% 


10k 
711.54 KHz 
±18% 


1001< 
75.62 KHz 
±28% 


300pf 
3.3k 
672.78 KHz 
±14% 


5k 
489.49 KHz 
±13% 


10k 
275.73 KHz 
±13% 


1001< 
28.12 KHz 
±23% 


The percentage variation indicated here is part to part 
variation due to normal process distribution. 
The 


variation 
indicated is ±3 standard deviation 
from 


average value for full Voo range. 


FIGURE 
17.0.6· 
TYPICAL Ipo vs Voo 
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FIGURE 
17.0.7 - MAXIMUM Ipo vs Voo 
WATCHDOG DISABLED 
FIGURE 
17.0.8 - MAXIMUM Ipo vs Voo 
WATCHDOG ENABLED· 
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IPD, w~h watchdog 
timer enabled, 
has two components: 
The leakage current which increases w~h higher temperature 
and the 


operating current of the watchdog timer logic which increases w~h lower temperature. 
At -40'C, the latter dominates explaining the 
apparently anomalous 
behavior. 


Note: The gray shaded regions are outside the normal PIC 16C54 operating range. 
Do not operate in these regions. 
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Note: These input pins have Schmitt trigger input buffer. 


FIGURE 
17.0.11 - VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT AND LP 
MODES) vs Voo 
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FIGURE 
17.0.15 - WDT TIMER TIME-OUT 
PERIOD vs Voo 
FIGURE 
17.0.16 - TRANSCONDUCTANCE 
(gm) OF LP OSCILLATOR vs Voo 
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FIGURE 
17.0.17· 
TRANSCONDUCTANCE 
(gm) OF XT OSCILLATOR vs Voo 
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Note: The gray shaded regions are outside the normal 
PIC16C54 operating range. 
Do not operate in these 


regions. 


TABLE 
17.0.2 -INPUT CAPACITANCE 
FOR MTA81010· 


Typical 
Capacitance 
(pF) 


Pin Name 
28LPDIP 
(600 mil) 
28LSOIC 


RAport 
5.2 
4.8 


RB port 
5.6 
4.7 


MCLR 
17.0 
17.0 


OSC1 
6.6 
3.5 


OSC2ICLKOUT 
4.6 
3.5 


RTCC 
4.5 
3.5 


• 
All capacitance values are typical at 25"C and mea- 
sured at 1 MHz. A part to part variation of±25% (three 
standard deviations) should be taken into account. • 


The Microchip Technology 
Inc. MTA8101 0 contains a 
24LC016 
1K bit Electrically 
Erasable 
PROM. 
The 
SEEPROM 
is organized 
as a single block of 128 x 8 
bit memory 
with a two-wire 
serial 
interface. 
Low 
voltage 
design permits operation 
down to 2.5 volts 
with a standby and active currents of only 5 I1Aand 1 
mA respectively. 
The 24LC01 6 has page-write capa- 
bility for up to 8 bytes of data. 


Name 
Function 


Vss 
Ground 


SDA 
Serial Address/Data I/O 


SCL 
Serial Clock 


WP 
Write Protect Input 


SEEVDD 
+2.5V to 5.5V Power Supply 


NC 
No Connection 


MEMORY 
CONTROL 
LOGIC 


SEEVoo 0-- 


Vss 0-- 


19.0 SERIAL 
EEPROM 
FUNCTIONAL 
DESCRIPTION 


The 24LC016 
supports a bidirectional 
two wire bus 
and data transmission 
protocol. 
A device that sends 
data onto the bus is defined 
as transmitter, 
and a 
device receiving data as receiver. 
The bus has to be 
controlled 
by a master device which generates 
the 
serial 
clock 
(SCL), 
controls 
the 
bus access, 
and 
generates 
the START and STOP conditions, 
while 
the 24LC01 6 works as slave. 
The internal 24LC01 6 
in the MTA81 010 is hardwire configured with a device 
address of O. 60th, master and slave can operate as 
transmitter 
or receiver but the master device deter- 
mines which mode is activated. 


20.0 BUS CHARACTERISTICS 


The following bus protocol has been defined: 


Data transfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions 
have been 
defined (see Figure 20.1.1): 


Bus not Busy (A) 


Start Data Transfer 
(B) 


A HIGH to LOW transition olthe SDA line while the clock 
(SCL) is HIGH detennines 
a START condition. 
All 


commands must be preceded by a START condition. 


Stop Data Transfer 
(e) 


A LOW to HIGH transition olthe SDA line while the clock 
(SCL) is HIGH detennines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and istheoretically unlimited, a~hough only the last eight 
will be stored when doing a write operation. 
When an 
overwrite does occur it will replace data in a first in first 
out fashion. 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24LC01B does not generate any acknowl- 
edge bits if an internal programming cycle is in 
progress. 


The device that acknowledges has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 
setup and hold times must be taken into account. 
A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. 
In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


Slave Address 


The chip 
address 
of the internal 
24LC01B 
in the 
MTA81010 
is hardwire configured 
with a device ad- 
dress of XXX. 


After generating 
a START condition, the bus master 
transmits 
the slave 
address 
consisting 
of a 4-bit 
control 
code (1010) for the 24LC01 B, followed 
by 
three don't care bits. 


The eighth 
bit of slave address 
determines 
if the 
master device wants to read or write to the 24LC01 B. 
(See Figure 20.1.2). 


The 24LC01 B monitors the bus for its corresponding 
control code all the time. 
It generates 
an acknowl- 
edge bit if the control code was true and it is not in a 
programming 
mode. 


External 
devices 
(e.g. Serial 
EEPROMs) 
with the 
same control code as the internal 24LC01 B must not 
be connected to the same serial bus or a conflict will 
occur. 
Devices with different 
control codes may be 
connected 
to the serial bus without risk of conflict. 
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Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the RlW bit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC01 B. 
After receiving another ac- 


knowledge signal from the 24LC01 B the master device 
will transmit the data word to be written into the ad- 
dressed memory location. The 24LC01 Backnowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time the 
24LC01 B will not generate acknowledge signals. (See 
Figure 20.1.3). 


The write control byte, word address and the first data 
byte are transmitted to the 24LC01 B in the same way as 
ina byte write. But instead of generating a stop condition 
the master transmits 
up to eight data bytes to the 


24LC01 B which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted 
a stop condition. 
After the 
receipt of each word, the three lower order address 
pointer bits are internally incremented 
by one. 
The 


higher order five bits of the word address 
remains 


constant. 
If the master should transmit more than eight 


words priorto generating the stop condition. the address 
counter will roll over and the previously received data will 
be overwritten. 
As with the byte write operation, once 


the stop condition is received an internal write cycle will 
begin. (See Figure 20.1.4). 
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The 24LC01 B can be used as a serial ROM when the 
WP pin is connected to SEEVoo. 
Programming will be 


inhibited and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the Rfiiii bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current 
Address 
Read 


The 24LC01 B contains an address counter that main- 
tains the address of the last word accessed, intemally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with Rfiiii bit set to one, the 24LC01 B issues an acknowl- 
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24LC01 B discontinues transmis- 
sion (see Figure 20.1.S). 


Random 
Read 


Random read operations allow the masterto access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. 
This is done by sending the word address to the 


24LC01 B as part of a write operation. 
After the word 


address is sent, the master generates a start condition 
following the acknowledge. 
This terminates the write 


operation, but not before the intemal address pointer is 
set. Then the master issues the control byte again but 
with the Rfiiii bit set to a one. The 24LC01 B will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC01 B dis- 
continues transmission 
(see Figure 20.1.6). 


Sequential 
Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC01 B transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. 
This 


directs the 24LC01 B to transmit the next sequentially 
addressed 8 bit word (see Figure 20.1.7). 


To provide sequential reads the 24LC01 B contains an 
intemal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise 
Protection 


The 24LC01 B employs a Voo threshold detector circuit 
which disables the intemal erase/write logic ifthe voo is 
below 1.S volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


21.0 PIN DESCRIPTIONS 


SDA Serial 
Address/Data 
Inout!Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal. 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial 
Clock 


This input is used to synchronize the data transfer from 
and to the device. 


This pin must be connected to either vss or SEEVoo. 


Iftied to Vss, normal memory operation is enabled (read! 
write the entire memory 00-7F or OO-FF). 


Iftied to SEEVoo, WRITE operations are inhibited. The 
entire memory will be write-protected. 
Read operations 


are not affected. 


This feature allows the user to use the 24LC01 B as a 
serial ROM when WP is enabled (tied to SEEVoo). 


22.0 SERIAL 
EEPROM 
ELECTRICAL 


CHARACTERISTICS 


Maximum 
Ratings· 


All inputs and outputs w.r.t. Vss 
-Q.3Vto +6.2SV 


Storage temperature 
-6S·C to +1S0·C 


Ambient temp. with power applied 
-6S·C to +12S·C 


Soldering temperature of leads (10 seconds) . +300·C 
ESD protection on all pins 
<': 4 kV 


"Notice:Stressesabovethose listedunder'Maximumratings' 
maycausepermanentdamageto the device. This is a stress 
ratingonlyandfunctionaloperationofthedeviceatthoseorany 
other conditionsabovethose indicatedin the operationalIist- 
ingsof this spec~icationis not implied. Exposureto maximum 
ratingconditionsfor extendedperiodsmayaffectdevicerelia- 
bility. 


DC CHARACTERISTICS 
VDD= +2.SV to +S.SV 
Commercial 
(C): 
Tamb = 
0·Cto+70·C 
Industrial 
(I): 
Tamb = -40·C to +8S·C 


Parameter 
Symbol 
Min 
Max 
Units 
Conditions 


WP. SCL and SDA pins: 
High level input voltage 
VIH 
.7 VDD 
- 
V 


Low level input voltage 
VIL 
- 
.3 VDD 
V 


Hysteresis of Schmitt trigger inputs 
VHYS 
O.OSVDD 
- 
V 
Note 1 


Low level output voltage 
VOL 
- 
.40 
V 
IOL= 3.0 mA, VDD= 2.SV 


Input leakage current 
ILl 
-10 
10 
lJ.A 
VIN= .1V to VDD 


Output leakage current 
ILO 
·10 
10 
lJ.A 
Your = .1V to VDD 


Internal capacitance 
CINT 
- 
10 
pF 
Vcc = S.OV(Note 1) 
(all inputs/outputs) 
Tamb = 2S·C, FCLK= 1 MHz 


Operating current 
1000 
- 
3 
mA 
VDo=S.SV 
SCL=400 
KHz 


Standby current 
IDos 
- 
30 
lJ.A 
VoD=3.0V 
SDA = SCL = Voo 
- 
100 
lJ.A 
Voo=S.SV 
SDA = SCL = VoD 
•• 


AC CHARACTERISTICS 
STANDARD 
Voo = 4.5-5.5V 
MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock 
frequency 
Feu< 
0 
100 
0 
400 
kHz 


Clock 
high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock 
low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA 
and SCl 
rise time 
TR 
- 
1000 
20+0.1 
300 
ns 
Note 2 
CB 


SDA 
and SCl 
fall time 
TF 
- 
300 
20+0.1 
300 
ns 
Note 2 
CB 


START 
condition 
hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After 
this period 
the first 


clock 
pulse 
is generated 


START 
condition 
setup 
time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only 
relevant 
for repeated 


START 
condition 


Data 
input 
hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data 
input 
setup 
time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP 
condition 
setup 
time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output 
valid 
from 
clock 
TAA 
- 
3500 
- 
900 
ns 
Note 1 


Bus free time 
TSUF 
4700 
- 
1300 
- 
ns 
Time 
the bus must 
be free 


before 
a new transmission 


can start 


Output 
fall time 
from 
VIH 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 2,CB:S; 100 pF 
minimum 
to VIL maximum 
CB 


Input Mer 
spike 
suppression 
Tsp 
N1A 
N1A 
0 
50 
ns 
Note 3 
(SDA 
and SCl 
pins) 


Write 
cycle 
time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page 
mode 


Endurance 
- 
1oo,OCO - 
100,000 - 
EJW 
Cycles 


Note 1: 
As a transmitter, the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) 


of the falling edge of SCL to avoid unintended generation 
of START or STOP conditions. 


Note 2: 
Not 100% tested. 
CB = total capacitance of one bus line in pF. 


Note 3: 
The combined TSP and VHYS specijications 
are due to new Schmitt trigger inputs which provide improved noise and spike 


suppression. 
This eliminates the need for a TI specijication 
for standard operation. 


23.0 PACKAGING 
DIAGRAMS 
AND DIMENSIONS 


See Section 11 of the Data Book. 
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To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


X 
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Temperature 
Range: 


Oscillator 
Type: 


P 
PDIP 
SO 
300 mil SOIC (Gull Wing Lead) 


O'C to 
+70'C (Tfortape/reel) 


-40'C 
to 
+85'C (S for tapelreeij 


Examples: 
a) MTA81010 - XT/PXXX 
= 
"Xl" 
oscillator, commercial 


temp., PDIP, aTP pattem 


b) MTA81010 - XTI/SO 
"Xl" 
oscillator, industrial 


temp., SOIC (OTP device) 


MTA85XXX 


• Multi-chip module 


• PIC16C54A 
or PIC16C58A 
Microcontrollers 
with 
24LC01B or 24LC02B Serial EEPROMs (SEEs) in a 
single package 


• Wide operating voltage range: Voo = 3.0V to 6.25V 


• Microcontroller control of SEE power for low standby 
current: MTA85X1X series 


High Performance RISC-Iike CPU 


• Only 33 single-word instructions to leam 


• All instructions are single-cycle except for program 
branches, which are two 


• Operating speed: 
DC - 20 MHz clock 
DC - 200 ns cycle 


• 
12-bit wide instructions 


• 8-bit wide data path 


• 512 or 2048 x 12 on-chip EPROM program memory 


• 25 or 72 x 8 general purpose registers (SRAM) 


• 7 special function hardware registers 


• 2 level deep hardware stack 


• 
Direct, Indirect, and relative addressing modes for 
data and instructions 


Peripheral Features 


• 12 VO pins with individual 
direction control (RB7 
dedicated for SEE Voo in MTA85X1X devices) 


• 8-bit real time clock/counter 
(RTCC) with 8-bit pro- 
grammable prescaler 


• Power on reset 


• Oscillator start-up timer 


• Watchdog timer (WDn 
with its own on-chip RC oscil- 
lator for reliable operation 


• Security EPROM bit for code-protection 


• Power saving SLEEP mode 


• EPROM selectable oscillator options: 


- 
Low cost RC oscillator: RC 


- 
Standard crystaVresonator: XT 


- 
High speed crystaVresonator: HS 


- 
Power saving low speed crystal: LP 
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Serial EEPROM Features 


• 
1K or 2K of EEPROM memory, organized as one block 
(128 x 8) or (256 x 8) 


• Two-wire serial interface bus 


• 
100KHz and 400 KHz compatibility 


• Self-timed write cycle (including auto-erase) 


• Page-write buffer for up to 8 bytes 


• 2ms typical cycle times for page-write 


• 
1,000,000 ERASElWRITE cycles typical 


• Data retention> 
40 years 


CMOS Technology 


Low-power, high-speed CMOS EPROM and EEPROM 
technologies, in a single package 


Fully static Microcontroller 


Low power consumption: 


- 
< 3.5 mA typical, @ 5V, 4 MHz, EEPROM write 


< 2.5 mA typical, @ 5V, 4 MHz, EEPROM read 


< 7llA 
typical standby current @ 3V, MTA85XOX 
series 


- 
< 3llA 
typical standby current @ 3V, MTA85X1X 
series (WDT disabled, O'C to 70'C) 
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The MTA85XXX devices from Microchip Technology 
Inc. are a family of multi-<:hip products which offer a 
unique combination of EPROM-based Microcontrollers 
and Serial EEPROM data memory in a single package. 
The MTA85XXX line features the PIC16C5XA family of 
Microcontrollers 
combined with Microchip's 24LCOXB 
family of Serial EEPROMs. 


Two unique pinouts are available in this family of de- 
vices, regardless of which combination of component 
chips are used. 
The first pinout (MTA85XOX series) 
features 
shared 
power 
and 
ground 
pins 
for the 
Microcontroller and SEE. All other Microcontroller and 
SEE pins are electrically 
independent. 
The second 
available 
pinout 
(MTA85X1X 
series) 
features 
Microcontroller control of the SEE Voo. This allows the 
SEE to be powered down when going into a standby 
mode. 
This is often desirable 
in power conscious 
applications to reduce current when the SEE is not being 
accessed. 
In this configuration the Microcontroller pin 
RB7 is used to supply power to the SEE. It is the user's 
responsibility to ensure that RB7 is driving a '1' while the 
SEE is being used. 


The Microcontroller 
and Serial EEPROM portions of 
these multi-chip devices are equivalent to their respec- 
tive individual components chips, except for the electri- 
cal specifications on shared pins. 
Please refer to the 
datasheets ofthe component die for information on each 
device's architecture, functionality, and other important 
user information. 


1,1 APPLICATIONS 


The MTA85XXX family is ideally suited to a wide variety 
of applications 
inclUding, but not limited to: keyless 
entry, remote control, smart cards and automotive con- 
trollers. 
The 
EPROM 
program 
memory 
makes 
customization of application programs fast and conve- 
nient. 
The EEPROM data memory is ideal for storing 
configuration 
information, 
access codes, serial num- 
bers, and adaptive look-up tables. 
The small footprint 


applications with physical space limitations. 
This small 
size coupled with the Iow-<:ost,low-power, wide voltage 
range, and high performance of this flexible family of 
devices makes the MTA85XXX the microcontroller 
of 
choice for a wide variety of applications 
which utilize 
EEPROM memory. 


1,2 MTA85XXX SERIES OVERVIEW 


A variety of EPROM sizes, EEPROM sizes and fre- 
quency ranges are available. Depending on the applica- 
tion and production 
requirements, the proper device 
option can be selected using the information in Table 
1.2.1 below. 
When placing orders, please use the 
"MTA85XXX Product Identification System" on the back 
page of this data sheet to specify the correct part. 


12.1 ONE-TIME-PROGRAMMABLE 
(OTPl DEVICES 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. 


With OTP devices the program 
EPROM 
is erased, 


allowing the user to write the application code into it. 
Additionally the watchdog timer can be disabled, and/or 
the code protection logic can be activated by program- 
ming special EPROM fuses. 
Sixteen non-dedicated 
EPROM bits are available for the customer ID or other 
customer information and are also user programmable. 


1.2.2 QUICK-IVRN-PRODUCTION 
(QTPl DEVICES 


Microchipoffers a QTP Programming Service for facto ry 
production orders. 
This service is made available for 
volume 
users with stable code, who choose 
not to 
program the devices themselves. 
A QTP device 
is 
identical to an OTP device, except that the program 
memory and special EPROM fuses are programmed at 
the factory, with the customer's code. Certain code and 
prototype verification procedures do apply before pro- 
duction shipments are available. 
Please contact your 


Microchip Technology Inc. sales office for more details. 


Part Number 
Microcontroller 
SEE 
PGM EPROM 
EEPROM 
RAM 
VO 


MTA85401 
PIC16C54A 
24LC01B 
512 X 12 
128 X8 
32X8 
12 


MTA85402 
PIC16C54A 
24LC02B 
512 X 12 
256X8 
32 X8 
12 


MTA85411 
PIC16C54A 
24LC01B 
512 X 12 
128 X8 
32X8 
12 
note 1 


MTA85412 
PIC16C54A 
24LC02B 
512 X 12 
256X8 
32X8 
12 
note 1 


MTA85801 
PIC16C58A 
24LC01B 
2048 X 12 
128 X8 
79X8 
12 


MTA85802 
PIC16C58A 
24LC02B 
2048 X 12 
256X8 
79 X8 
12 


MTA85811 
PIC16C58A 
24LC01B 
2048 X 12 
128 X8 
79X8 
12 
note 1 


MTA85812 
PIC16C58A 
24LC02B 
2048 X 12 
256 X8 
79X8 
12 
note 1 
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2.1 
Development 
Tools 


The PIC16C5X and PIC16CXX microcontrollers 
are 
supported with a full range of hardware and software 
development tools: 


• 
PICMASTERTM Real-Time In-Circuit Emulator 


PRO MATETMUniversal Programmer 


PICSTART'M Low-Cost Prototype Programmer 


• 
Assembler 


• 
Software Simulator 


2.2 
PICMASTERTM: 
High Performance 
Universal 
In-Circuit 
Emulator 


The PICMASTER 
Universal In-Circuit Emulator is in- 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
devices 
utilizing 
microcontrollers 
in the PIC16C5X, 
PIC16CXX and PIC17CXX families. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows expansion to support all new products based on 
PIC16C5X, PIC16CXXand PIC17CXXmicrocontroliers. 


SSOP to 01P socket adaptors for the MTA85XXX prod- 
ucts allow the user to operate the application with a 
surface mount device, after the emulation has been 
completed. 


The Emulator System is designed to operate on low-cost 
PC compatible machines ranging from 80286-AT class 
ISA-bus systems 
through the new 80486 EISA-bus 
machines. 
The development 
software 
runs in the 
Microsoft 
Windows™ 
3.X environment, 
allowing the 
operator access to a wide range of supporting software 
and accessories. 


The PICMASTER 
has been designed as a real-time 
emulation 
system 
with advanced 
features 
generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to the end user. 


8 


1ndOWS 
0 


3.X 
0o 
o 


Common 
Interface Card 
PC Compatible 
Computer 
(AT/13A 
Bus) 


MTA85XXX 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


• 
Host-Interface Card 


Emulator Control Pod 


• 
Target-SpeCific Emulator Probe, with MTA85XXX 
interface board 


PC Host Emulation Control Software 


The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan- 
tage of the many powerful features and functions of the 
PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second 
window. 
Dynamic Data Exchange (DOE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. DOEallows data to be dynamically transferred 
between two or more Windows programs. 
With this 
feature, data collected with PICMASTER can be auto- 
matically transferred to a spreadsheet or database pro- 
gram for further analysis. 


Under Windows 3.X, two or more PICMASTER emula- 
tors can run simultaneously 
on the same PC making 
development of multi-microcontroller 
systems possible. 


2.3 
PRO MATETM: Universal 
Programmer 


The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Voo and VPp sup- 
plies which allows it to verity programmed memory 
at 
Voo minimum and Voo maximum for maximum reliabil- 
ity. It has an LCD display for displaying error messages, 
keys to enter commands 
and a modular detachable 
socket assembly to support various package types. In 
stand alone mode the PRO MATE can read, verify or 
program products based on PIC16C5X, PIC16CXX and 
PIC17CXX devices. 
It can also set fuse configuration 


and COde-protect in this mode. Its EEPROM memory 
holds data and parametric information even when pow- 
ered down. 
It is ideal for low to moderate 
volume 
production. 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. A PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 
Full screen display and editing of data, easy 


selection offuse configuration and part type, easy selec- 
tion of Voo minimum, Voo maximum and VPP levels, 
load and store to and from disk files (intel hex fonnat) are 
some of the features of the software. 
Essential com· 
mands such as read, verify, program, and blank check 
can be issued from the screen. 
Additionally, 
serial 


programming support is possible where each part is 
programmed with a different serial number, sequential 
or random. 


The PRO MATE has a modular 'programming 
socket 


module'. 
Different socket modules are required for 


different 
processor 
types 
and/or 
package 
types. 


PRO MATE supports all products based on PIC16C5X, 
PIC16CXX and PIC17CXX processors. 


MTA85XXX customers can usetheirexisting 
PIC16C5X 


PRO MATE socket module with an adaptor socket, or 
use the PRO MATE socket module designed specifically 
for the MTA85XXX products. 


2.4 PICSTARTTMProgrammer 


The PICSTART programmer is an easy to use, very low- 
cost prototype programmer. 
It connects to the PC via 


one of the COM (RS-232) ports. 
A PC-based user 


interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu- 
based. 


The same MTA85XXXadaptor socket which is available 
for use with the PRO MATE will allow the user to convert 
the MTA85XXX SSOP footprint to the DIP footprint used 
by PICSTART. This same socket will also allow the user 
to program the EEPROM portion of the MTA85XXX in a 
standard EEPROM programmer. 


2.5 
Assembler 


The Assembler is a PC-hosted software development 
tool supporting the PIC16C5X and PIC16CXX series 
microcontrollers. 
It offers a full featured 
Macro and 


Conditional assembly capability. 
It can also generate 


various object code fonnats including several Hex for- 
mats to support Microchip's proprietary 
development 


tools as well as third party tools. 
Also supports Hex 


(defau~), Decimal and Octal Source and listing fonnats. 
An assembler users manual is available for detailed 
support. 


2.6 Software Simulator 


The Software Simulator allows code development in a 
PC host environment. 
It allows the user to simulate the 


PIC16C5X and PIC16CXX series microcontrollers 
on 


an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. 
The inpuVoutput 


radix can be set by the user and the execution can be 
perfonned in single step, execute until break or ina trace 
mode. Two fonns of symbolic debugging are available: 
an intemal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. 
The 


Software Simulator offers the low cost flexibility to de- 
velop and debug code outside of the laboratory environ- 
ment making itan excellent mU~i-project software devel- 
opment tool. 


2.7 pevelopment 
Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed below: 


Item Name 
SystemDescription 


1. 
PICMASTER 
PICMASTERIn-CircuitEmulatorwith 


System 
your choiceof TargetProbe, 
PROMATEProgrammer, 
Assembler,SoftwareSimulatorand 
Samples. 


2. 
PICSTART 
PICSTARTLow-CostPrototype 


System 
Programmer,Assembler,Software 
SimulatorandSamples 
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3.1 Absolute Maximum Ratings· 


Ambient temperature under bias 
-SS'C to +12S'C 


Storage Temperature 
- 6S'C to +1S0'C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) 
-0.6V to Voo +0.6V 
Voltage on Voo with respect to Vss 
0 to +7.SV 
Voltage on MCLR with respect to Vss 
(Note 2) 
0 to +14V 
Total power Dissipation (Note 1) 
800 mW 
Maximum Current out of Vss pin 
150 mA 
Maximum Current into Voo pin 
50 mA 
Maximum Current into an input pin 
±SOOlJ.A 
Maximum Output Current sinked by any 1/0 pin 25 mA 
Maximum Output Current sourced 
by any 1/0 pin 
20 mA 
Maximum Output Current sourced by a single 
1/0 port (Port A or B) 
40 mA 
Maximum Output Current sinked by a single 
I/O port (Port A or B) 
SOmA 


'Notice: Stressesabovethoselistedunder"MaximumRatings" 
maycausepermanentdamageto the device. This is a stress 
ratingonlyandfunctionaloperationofthedeviceatthoseorany 
otherconditionsabovethoseindicatedinthe operationlistings 
ofthisspec~icationisnotimplied.Exposureto maximumrating 
conditionsfor extendedperiodsmayaffectdevice reliability. 


Notes: 1. Total power dissipation should not exceed 800 
mW for the package. 
Power dissipation 
is 
calculated as follows: 
Pdis =Voox {Ioo - I loh}+ I {(Voo-Voh)x loh) 
+ I(Vol 
x 101) 
2. Voltage spikes below Vss at the MCLR pin, 
inducing currents greater than 80mA, may 
cause latch-up. Thus, a series resistor of SO- 
100n should be used when applying a "low' 
level to the MCLR pin rather than pulling this 
pin directly to Vss. 


Name 
Function 
Description 


RAO- RA3 
1/0 PORT A 
4 inpuVoutput lines. 
ROO- RB7 
1/0 PORTB 
8 inpuVoutput lines. 
SVoo/RB7 
Shared Voo-I/O pin 
InpuVOutput pin dedicated to EEPROM Voo. No external 
connection needed. 
MTA8SX1X only. 
RTCC 
Real Time Clock/Counter 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 
-- 
to reduce current consumption. 
MCLR 
Master Clear 
Schmitt Trigger Input. 
A "Low" voltage on this input generates a RESET condition 
for the microcontroller. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Voo. 
OSC1 
Oscillator (input) 
"XT", "HS" and "LP" devices: Input terminal for crystal, 
ceramic resonator, or external clock generator. 
"RC" devices 
: Driver terminal for extemal RC combination 
to establish oscillation. 


OSC2ICLKOUT 
Oscillator (output) 
For "XT"', "HS" and "LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For "RC" devices: 
A "CLKOUT" signal with a frequency of 
1/4 Fosc1is put out on this pin. 


SDA 
Serial EEPROM Data 
EEPROM data line. 


SCL 
Serial EEPROM Clock 
EEPROM clock line. 


voo 
Power supply 
Vss 
Ground 
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MTA85XXX 


MTA85XOX-04 
MTA85XOX-10 
MTA85XOX-20 


(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
POWER SUPPLY PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40·C S TA S +12S·C for 
·40·C S TA S +8S·C fo . 
O·C S TA S +70·C 


Voo 
3.0 
6.25 
4.5 
5.5 
RAM Data Retention 
VOR 
1.5 
Voltage (Note 3) 
Voo start voltage to 
VPOR 
Se 
OR section in microcontroller 
guarantee 
power on reset 
datasheet for details on power on reset 
Voo rise rete to guarantee 
Svoo 
0.05' 
See POR section in microcontroller 
weron 
reset 
datasheet for details on power on reset 
Supply Current 
(Note 2) 


100 
XT and RC options 
mA 
Fosc= 4 MHz, Voo = S.SV 
HS option 
mA 
Fosc= 10 MHz, Voo = S.SV 
mA 
Fosc= 20 MHz, Voo = S.SV 
LP option, Commercial 
60 
llA 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 
LP option, Industrial 
30 
70 
A 
Fosc= 32 KHz, Voo = 3.0V, WDT disabled 


4 
12 
llA 
Voo = 3.0V, Commercial 
5 
14 
llA 
Voo = 3.0V, Industrial 
0.6 
9 
llA 
Voo = 3.0V, Commercial 
0.8 
12 
llA 
Voo = 3.0V, Industrial 


, These parameters are based on characterization and are not tested. 
Note 1: 
Data in the column labeled "Typical" is based on characterization 
resuns at 2S·C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 


Note 2: 
The supply current is mainly a function of the operating vonage and frequency. 
Other factors such as bus 
loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 
OSC1 =extemal square wave, from rail to rail; all I/Opins tnstated, pulled to Voo, RT =Voo, MCLR =Voo; WDT 
enabled/disabled as specified; EEPROM in write condition. 
b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode 
and SDA and SCL are tied to Vss. 
Note 3: 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 


Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to Voo and Vss; SDA 
and SCL tied to Vss. 
Note 5: 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
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MTA85X1X-04 
MTA85X1X-10 
MTA85X1X-20 


(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 
(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 


POWER 
SUPPLY 
PINS 


Standard 
Operating 
Conditions 
Operating temperature 
-40'C ~ TA ~ +12S'C for auto 
ot 
e, 


-40'C ~ TA ~ +8S'C for ind 
i I a d 
O'C ~ TA ~ +?O'C for c 
mercial 


Voo 
3.0 
6.25 
4.5 
5.5 
VOR 
1.5 


VPOR 
Vss 


Svoo 
0.05' 


100 
XT and RC options 
Fose= 4 MHz, Voo = S.SV 
HSoption 
Fose= 4 MHz, Voo = S.SV 
Fose= 20 MHz, Voo = S.SV 
lP option, Commercial 
Fose= 32 KHz, Voo = 3.0V, WDT disabled 
lP option, Industrial 
Fose= 32 KHz 
Voo = 3.0V WDT disabled 


e 
POR section in microcontroller 


datasheet for details on power on reset 
See POR section in microcontroller 
datasheet for details on power on reset 


4 
40 
!LA 
Voo = 2.SV, Commercial 
5 
14 
!LA 
Voo = 2.SV, Industrial 
0.6 
9 
!LA 
Voo = 2.SV, Commercial 
0.8 
12 
!LA 
Voo = 2.SV, Industrial 


, These parameters are based on characterization and are not tested. 
Note 1: 
Data in the column labeled 'Typical' 
is based on characterization 
results at 2S·C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 


Note 2: 
The supply current is mainly a function of the operating voltage and frequency. 
Other factors such as bus 


loading, oscillator type, bus rate, intemal code execution pattem, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all 100 measurements in active operation mode are: 
OSC1 = extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, except RB? driving '1' for 
SEE Voo. 
RT = Voo, MClR = Voo; WDT enabled/disabled as specified; EEPROM in write condition. 


b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode 
and SDA and SCl are tied to Vss. 


Note 3: 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: 
The power down current in SLEEP mode does not depend on the oscillator type. 
Power down current is 


measured with the part in SLEEP mode, with all VO pins in hi-impedance state and tied to Voo and Vss; SDA 
and SCI tied to Vss. 
Note 5: 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext 
(mA) with Rext in kOhm. 
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MTA85XXX 


MTA85XXX-04 
(COMMERCIAL, 
INDUSTRIAL) 
MTA85XXX-10 
(COMMERCIAL, 
INDUSTRIAL) 
MTA85XXX-20 
(COMMERCIAL, 
INDUSTRIAL) 


DC CHARACTERISTICS, 
ALL PINS EXCEPT POWER SUPPLY 


Standard 
Operating 
Conditions 
Operating temperature 
-40'C ~ TA ~ +85'C for industrial and 
O'C ~ TA ~ +70'C for commercial 


Input Low Voltage 
VO ports 
VIL 
MClR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 
Input High Voltage 
VO ports 
VIH 


MClR 
(Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 
Input leakage 
Current 
(Note 4) 
1/0 ports 
IlL 


MClR 
MClR 
RTCC 
OSC1 
SDA, SCl 
Output 
Low Voltag 
1/0 Ports 
OSC2IClKOU 
(RC option 
yD 
SDA 
Output High V 
ag 


VO Ports (Note 4) 
VOH 
OSC2ICLKOUT 
(RC option only) 


Max 
Units 
Conditions 


0.2 Voo 
0.15 Voo 
0.15 Voo 
0.15 Voo 
0.3 Voo 


r all Voo (Note 6) 
4.0V < Voo ~ 5.5V (Note 6) 
Voo> 5.5V 


RC option only (Note 5) 
XT, HS and lP options 
For VOo ~ 5.5V 


I1A 
Vss ~ VPIN~ Voo. 
Pin at hi-impedance 


I1A 
VPIN= vss + 0.25V (Note 3) 


+5 
I1A 
VPIN= Voo (Note 3) 
+3 
I1A 
Vss ~ VPIN~ Voo 
+3 
I1A 
Vss ~ VPIN~ Voo , 


10 
XT, HS and lP 0 tions 


0.6 
V 
IOL= 8.7 mA, Voo = 4.5V 
0.6 
V 
IOL= 1.6 mA, Voo = 4.5V 


0.4 
V 
IOL= 3.0 mA Voo = 3.0V 


V 
IOH= -5.4 mA, Voo = 4.5V 
V 
IOH= -1.0 mA, Voo = 4.5V 


Typ 
(Note 1) 


0.45 Voo 
2.0 
0.36 Voo 
0.85 Voo 
0.85 Voo 
0.85 Voo 
0.7 Voo 


Voo-0.7 
Voo-Q.7 


Note 1: Data inthe column labeled "Typical" is based on characterization results at 25' C. This data isfordesign 
guidance 
only and is not tested for, or guaranteed by Microchip Technology. 


Note 2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MClR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 


Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the microcontroller 
be driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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MTA85XXX-04 
(COMMERCIAL, 
INDUSTRIAL) 
MTA85XXX-10 
(COMMERCIAL, 
INDUSTRIAL) 
MTA85XXX-20 
(COMMERCIAL, 
INDUSTRIAL) 


AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
Operating 
temperature 
-40'C 
$ TA $ +8S'C 
for industrial 
and 
O'C $ TA $ +70'C 
for commercial 


External 
CLOCKIN 


Frequency 
(Note 2) 


Oscillator 
Frequency 


(Note 2) 


Instruction 
Cycle Time 


(Note 2) 


Typ 
Max 
Units 


(Note 1) 


TCKHlXT 
50· 


TCKHLLP 
2· 


TCKHLHS 
20· 


ns 


ns 


ns 


ns 


ns 
Note 3 


ns 
Note 3 


ns 
Note 3 


ns 
Note 3 


ns 
Note 3. Where N = prescale 


value (2,4 •...• 256) 


Watchdog 
Timer 


(No Prescaler) 
TWOT 
9· 
18· 
30· 
ms 
Voo = 5.0V 


Oscillation 
Starl·u 
Timer 
Period 
TOST 
9· 
18· 
30· 
ms 
Voo = 5.0V 


110 Timing 


110 Pin Input Valid Before 


CLKOUTi 
(RC Mode) 
Tos 
0.25 Tcy+ 30· 
ns 


110 Pin Input Hold After 


CLKOUTi 
(RC Mode) 
TDH 
O· 
ns 


110 Pin Output Valid After 
CLKOUT.!. (RC Mode) 
TPD 
40· 
ns 


• Guaranteed by characterization, 
but not tested. 
(Cant 
on next page) 
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AC CHARACTERISTICS 
Standard 
Operating 
Conditions 
Operating temperature 
-40·C $ TA $ +85·C for industrial and 
O·C$ TA $ +70·C for commercial 


haracterization results at 25·C.This data isfor design guidance 


ante 
icrochip Technology. 


al 
0 
times the input oscillator time base period. 


a 
cterization data for that particular oscillator type under standard operating 
ecuti 
code. Exceeding these spec~ied limits may result in an unstable oscillator 


ected current consumption. All devices are tested to operate at "minimum" 


em 
applied to the OSC1 pin. 


oc 
'nput is used, the "Maximum" cycle time limit is "DC" (no clock) for all devices. 


Note 3. For a 
etai~e 
Ian 
Ion of RTCC input clock requirements see microcontroller datasheet Section 4.2.1. 


e is the duration for which clock input is at VIHOSC or higher. 


Clock-in 10 
i 
is the duration for which clock input is at VILOSC or lower. 


Note 5. This HS spec~ication is onlyforthe 
-20 device. The -10 device has a maximum of 10 MHz and the -04 device 


has a maximum of 4 MHz. 


I/OTiming (cont.) 


110 pin input valid beforeOSCi 


(110 setuptime) 
OSC1i to 110 pin input invalid 


(110 hold time) 
OSC1t to I/O pin output valid 


110 pin output rise time 


110 pin output fall time 
Capacitive Loading Specson OutputPins 
OSC2pin 


TioV2osH 


TosH2ioL 


Typ 
Max 
Units 
(Note 1) 


TosH2iOV 


TioR 


TioF 


In XT, HSor LPmodeswhen 
externalclock is usedto drive 
OSCI 
ExcludesRB?on MTAB5X1X 
devices 
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SDA 
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MTA85XXX 


AC CHARACTERISTICS 
STANDARD 
Vcc = 4.5-5.5V 
MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock 
frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock 
high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock 
low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA 
and SCL 
rise time 
TR 
- 
1000 
UF 
300 
ns 
Note 
2 


SDA 
and SCL fall time 
TF 
- 
300 
UF 
300 
ns 
Note 
2 


START 
condition 
hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After 
this period 
the first 


clock 
pulse 
is generated 


START 
condition 
setup 
time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only 
relevant 
for repeated 


START 
condition 


Data 
input 
hold time 
THD:DAT 
0 
- 
0 
- 
ns 
Note 
1 


Data 
input 
setup 
time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP 
condition 
setup 
time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output 
valid 
from 
clock 
TAA 
- 
3500 
- 
900 
ns 
Note 
1 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time 
the bus must 
be free 


before 
a new transmission 


can start 


Output 
fall time from 
VIH 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 
2, CB S; 100 pF 
minimum 
to VIL maximum 
CB 


Input filter 
spike 
suppression 
Tsp 
NlA 
N/A 
0 
50 
ns 
Note 
3 
(SDA 
and SCL pins) 


Write 
cycle 
time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page 
mode 


Endurance 
- 
100,000 - 
100,000 
- 
EIW 
Cycles 


As a transmitter, 
the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) 


of the falling edge of SCL to avoid unintended generation of START or STOP cond~ions. 


Not 100% tested. 
CB = total capac~nce 
of one bus line in pF. 


The combined 
TSP and VHYS spec~ications 
are due to new Schmitt trigger inputs which provide 
improved 
noise spike 


suppression. 
This eliminates the need for a TI spec~ication 
for standard operation. 


Note 2: 


Note 3: 


[;§>[)'@~nl1i1iJnlJi)(ID[)'W 


4-182 


4.0 
PACKAGE 
OUTLINES 


See Section 11 of the Data Book. 


xxxxxxxx 


XXXXXXXX 


O~o.ABB 
CD1D:2E 


MTA85401 


lO/SS 


O~ 
9321 
CAAP 


Microchip part number information 
Customer specific information· 
Year code (last 2 digns of calendar year) 
Week code (week of January 1 is week '01') 
Facilny code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number for microcontroller 
Mask revision number for EEPROM 
Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information . 


MM 
M 
XX 
X 


AA 
BB 
C 


• Standard OTP marking consists of Microchip part number. year code, week code, 
facility code, mask revision number, and assembly code. 
For OTP marking beyond 


this, certain price adders apply. Please check wnh your Microchip Sales Office. 
For aTP devices, any special marking adders are incuded in aTP price. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 
Refer to Table 1.2.1. 


PART NO.• XX X /XX 
XXX 
T ~ 
Pattern: 


YPackage: 


Temperature 
- 


Range: 
I 
E 


O'C 
to 
+70'C (Tfor tape/reel) 


-40'C 
to 
+85'C (8 for tape/reel) 


-40'C 
to 
+125'C 


Frequency 
04 
Range: 
10 
20 


4 MHz 
10MHz 
20 MHz 


Examples: 
a) MTA85402 - 04/88 301 = Commercial temperature, 880P package, 4 MHz, aTP pattern # 301 
b) MTA85811 - 101188 
Industrial temperature, 880P 
package, 10 MHz 
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Serial EEPROMs 


Compat- 
ibility 


Operating 
Voltage 


85C92 
Philips 


24LCOlB 
Industry 


24AAOl 
Industry 


24LC02B 
Industry 


24AA02 
Industry 


24LC04B 
Industry 


24AA04 
Industry 


24LC08B 
Industry 


Densityl 
Organization 
Page 
Write 
Buffer 
Speed 


Max 
Clock 
Freq. 


2K Ms (256 x 8) 
2 bytes 
1 mslbyte 
100 KHz 
lOOK 


4K b~s (512 x 8) 
8 bytes 
1 mslbyte 
100 KHz 
lOOK 


lKMs(128x8) 
2bytes 
1 mslbyte 
100KHz 
lOOK 


2K b~s (256 x 8) 
2 bytes 
1 mslbyte 
100 KHz 
lOOK 


4K Ms (512 x 8) 
8 bytes 
1 mslbyte 
100 KHz 
lOOK 


lK Ms (128 x 8) 
8 bytes 
10 ms 
400 KHz 
lOOK 


lK Ms (128 x 8) 
8 bytes 
10 ms 


2K Ms (256 x 8) 
8 bytes 
10 ms 


2K Ms (256 x 8) 
8 bytes 
10 ms 


4K Ms (512 x 8) 
16 bytes 
10 ms 


4K Ms (512 x 8) 
16 bytes 
10 ms 


8K Ms (lK x 8) 
16 bytes 
10 ms 


24LCl64 
Atmel. Xicor 
16K bits (2K x 8) 
16 bytes 
10 ms 


24M164 
Atmel, Xicor 
16K bits (2K x 8) 
16 bytes 
10 ms 


24LC174 
Sole Source 
16K bits (2K x 8) 
16 bytes 
10 ms 
+ 16 bytes 


24M 174 
Sole Source 
16K bits (2K x 8) 
16 bytes 
10 ms 
+16 bytes 


400 KHz 
100Kl5K 
C,I 


400 KHz 
100Kl5K 
C,I 


Endur- 
ance 
Temp 
/I 
Package 
(min.)' 
Range 
Pins 
Types 


C, I, E 
8 
P,SN,SM 
4.5V - 5.5V 


C, I, E 
8,14 
P,SN,SM,SL 
4.5V - 5.5V 


C, I, E 
8 
P,SM 
4.5V - 5.5V 


C, I, E 
8 
P,SM 
4.5V - 5.5V 


8, 14 
P,SN,SM,SL 
2.5V - 5.5V 


8, 14 
P,SN,SM,SL 
1.8V - 5.5V 


8, 14 
P,SN,SM,SL 
2.5V - 5.5V 


8,14 
P,SN,SM,SL 
1.8V - 5.5V 


C,I, E 
8,14 
P,J,SM,SL 


C, I 
8 
P,SN,SM 


Sole Source 
32K bits (4K x 8) 
64 bytes 
5 mslpg 


Sole Source 
32K Ms (4K x 8) 
64 bytes 
5 mslpg 


Sole Source 
64K Ms (8K x 8) 
64 bytes 
5 mslpg 


Sole Source 
64K b~s (8K x 8) 
64 bytes 
5 mslpg 


Sole Source 
64K bits (8K x 8) 
64 bytes 
5 mslpg 


8,14 
P,SN,SL 


8, 14 
P,SN,SL 


8 
P,SN 


8 
P,SN 


P,SM 


P,SM 


P,SM 
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Serial EEPROM Selection Guide 


CMOS Serial EEPROMs (Cont.) 


3-Wlrel4-W1reBus Protocol 


Max 
Endur· 
Device 
Compat· 
Densityl 
Page 
Write 
Clock 
ance 
Temp 
• 
Package 
Operating 


lbility 
Organization 
Buffer 
Speed 
Freq. 
(min.)' 
Range 
Pins 
Types 
Voltage 


5911 
Industry 
1K bits (xB or x16) 
NlA 
1 mslbyte 
1 MHz 
lOOK 
C,t,E 
8 
P,SN,SM 
4.5V ·5.5V 


93C06 
Industry 
256 bits (16 x 16) 
NlA 
1 mslbyte 
1 MHz 
lOOK 
C,I,E 
8 
P,SN,SM 
4.5V ·5.5V 


93C46 
Industry 
lK bits (64 x 16) 
NlA 
1 mslbyte 
1 MHz 
lOOK 
C,I,E 
8 
P,SN,SM 
4.5V·5.5V 


93C56 
Industry 
2K bits (x8 or x16) 
NlA 
lmslbyte 
2 MHz 
lOOK 
C,I,E 
8,14 
P,SN,SM,SL 
4.5V·5.5V 


93C66 
Industry 
4K b~s (x8 or x16) 
NlA 
lmslbyte 
2 MHz 
lOOK 
C,I,E 
8,14 
P,SN,SM,SL 
4.5V·5.5V 


93LC46 
Industry 
1K bits (x8 or x16) 
NlA 
10 ms 
2 MHz 
lOOK 
C,t 
8 
P,SN,SM 
2.0V·6.0V 


93LC56 
Industry 
2K bits (x8 or x16) 
NlA 
10ms 
2MHz 
lOOK 
C,I 
8,14 
P,SN,SM,SL 
2.0V ·6.0V 


93LC66 
Industry 
4K bits (x8 or x16) 
NlA 
10ms 
2MHz 
lOOK 
C,I 
8,14 
P,SN,SM,SL 
2.0V ·6.0V 


3-Wlre Bus Protocol 


Max 
Endur· 
Device 
Compat· 
Densityl 
Page 
Write 
Clock 
ance 
Temp , 
Package 
Operating 
ibility 
Organization 
Buffer 
Speed 
Freq. 
(min.)' 
Range 
Pins 
Types 
Voltage 


93AA46 
Atmel 
1K bits (xB or x16) 
NlA 
10ms 
2MHz 
lOOK 
C 
8 
P,SN,SM 
1.8V ·5.5V 


93AA56 
Atmel 
2K bits (xB or x16) 
NlA 
10ms 
2MHz 
lOOK 
C 
8 
P,SN,SM 
1.8V·5.5V 


93AA66 
Atmel 
4K b~s (xB or x16) 
NlA 
10ms 
2MHz 
lOOK 
C 
8 
P,SN,SM 
1.8V ·5.5V 


93LC46B 
National 
lK bits (64 x 16) 
NlA 
10ms 
2 MHz 
lOOK 
C,I 
8 
P,SN,SM 
2.0·6.0V 


93LC56B 
National 
2K bits (128 x 16) 
NlA 
10ms 
2 MHz 
lOOK 
C,I 
8 
P,SN,SM 
2.0·6.0V 


93LC66B 
National 
4K bits (256 x 16) 
NlA 
10ms 
2 MHz 
lOOK 
C,I 
8 
P,SN,SM 
2.0·6.0V 


93LCS56 
National 
2K bits (128 x 16) 
NlA 
10ms 
2 MHz 
lOOK 
C,I 
8,14 
P,SN,SM,SL 
2.5V·6.0V 


93LCS66 
National 
4K bits (256 x 16) 
NlA 
10ms 
2 MHz 
lOOK 
C,I 
8,14 
P,SN,SM,SL 
2.5V·6.0V 


PACKAGES 


P 
= Plastic DIP 
J 
= ceramic 
DIP 
L 
= PLCC 
K 
= ceramicLCC 


SN = .1SO"81dSOIC 
SM = .207" 81dSOIC 
SL 
= .1SO"141dSOIC 
SO 
= .300" 281dSOIC 
S 
= Dice in Wafftepack 
W 
= Dice in Wafer Form 
TS 
= 281dTSOP (8x2Omm) 


VS = 281dVSOP (8x13.4mm) 


• Endurance is guaranteed to 10K cycles at extended (-4O"C to +125'C) temperature. 


NOTE: 
NOT ALL COMBINATIONS OF SPEEDITEMPERATURE 
RANGElPACKAGElETC. 
ARE AVAILABLE. 


CONSULT FACTORY FOR SPECIFIC PART INFORMATION. 


24C01 Al02A104A 


• Low power CMOS technology 
• Hardware write protect 
• Two wire serial interface bus, 12C~compatible 
• 5 volt only operation 
• Self-timed wr~e cycle (including auto-erase) 
• Page-wr~e buffer 
• 1ms wr~e cycle time for single byte 
• 1,000,000 ERASElWRITE cycles (typical) 
• Data retention >40 years 
• 8-pin DIP/SOIC packages 
• Available for extended temperature ranges: 


-Commercial: 
O'C to +70'C 
-Industrial: 
-40'C to +85'C 
-Automotive: 
-40'C to +125'C 


The Microchip Technology Inc. 24C01A102A104A is a 
1K/2K/4K M Electrically Erasable PROM. The device is 
organized as shown, w~h a standard two wire serial 
interface. Advanced CMOS technology allows a signifi- 
cant reduction in power over NMOS serial devices. A 
special feature provides hardware write protection for 
the upper 256 byte block. 
The 24C01A102A104A also 
has a page-write capabil~ 
for up to 8 bytes of data (see 
chart). Up to four 24C01 Al02A104As may be connected 
to the two wire bus. The 24C01 Al02A104A is available 
inthe standard 8-pin DIP and 8-pin surface mount SOIC 
package. 


This device 
offers 
fast 
(1ms) 
byte write 
and ex- 


tended 
(-400Cto 125°C) temperature 
operation. 
It is 
recommended 
that 
all 
other 
applications 
use 
Microchip's 
24LCXXB. 


Data 
Buffer 
(FIFO) 


Data Reg. 


24C01A 
24C02A 
24C04A 


Organization 
128 x 8 
256 x8 
2x256x8 


Write Protect 
None 
080-0FF 
100-1 FF 


Page Write Buffer 
2 Bytes 
2 Bytes 
8 Bytes 


SOIC Packages 


NC 


AO 


Vcc 
A1 


WP' 
NC 


A2 
SCl 
vss 


SDA 
NC 


24C01A 
24C02A 
24C04A 


24C01A 
24C02A 
24C04A 


Fc is a trademark of Phili.TI.ra.t.io.n ••••••••••••••••••••••••••• 


e1994 Microchip Technology 
Inc. 
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Maximum Ratings· 


vcc 
7.0V 
All inputs and outputs w.r.t. Vss 
-o.6V to Vcc +1.0V 
storage temperature 
-6S·C to +1S0'C 
Ambienttemp. 
with power applied 
-6S·C to +12S'C 
Soldering temperature of leads (10 seconds) ..+300·C 
ESD protection on all pins 
4 kV 


"Nolie.: 
stresses 
above 
those 
listed 
under 
"Maximum 
ratings' 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
tho&e indicated 
in the operational 
listings 
of this specification 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


Name 
Function 


AO 
No Function for 24C04A only, 
Must be connected to Vcc or Vss 
AO,A1,A2 
Chip Address Inputs 
Vss 
Ground 
SDA 
Serial AddresslData 
I/O 
SCL 
Serial Clock 
TEST 
(24C01A only) Vcc or vss 
WP 
Write Protect Input 
Vcc 
+SV Power Supply 


Vcc = +SV (±100/0) 
DC CHARACTERISTICS 
Commercial (C): 
Tamb = 
O'Cto +70'C 
Industrial 
(I): 
Tamb = -40'C to +8S'C 
Automotive 
(E): 
Tamb = -40'C to +12S'C 
(Note 2) 


Parameter 
Symbol 
Min 
Max 
Units 
Conditions 


Vcc detector threshold 
VTH 
2.8 
4.5 
V 


SCL and SDA pins: 
High level input voltage 
VIH 
Vccx 
0.7 
Vcc + 1 
V 
Low level input voltage 
VIL 
-0.3 
Vcc x 0.3 
V 
Low level output voltage 
VOL 
0.4 
V 
tOL= 3.2 mA (SDA only) 


A1 & A2 pins: 


High level input voltage 
VIH 
vcc - 0.5 
Vcc + 0.5 
V 
Low level input voltage 
VIL 
-0.3 
0.5 
V 


Input leakage current 
III 
- 
10 
J.1A 
VIN= OVto Vcc 


Output leakage current 
ILO 
- 
10 
J.1A 
VOUT= OVto Vcc 


Internal capacitance 
CINT 
- 
7.0 
pF 
VIf'WoUT = OV (Note 1) 
(all inputs/outputs) 
Tamb= +2S'C, f = 1 MHz 


Operating current 
Iccwrite 
- 
3.5 
mA 
FCLK= 100 kHz,program cycle 
time = 1 ms, Vcc = SV. 
Tamb = O'C to +70'C 
Iccwrite 
- 
4.25 
mA 
FCLK= 100 kHz,program 
cycle 
time = 1 ms, Vcc = SV. 


Icc read 
- 
750 
Tamb = (I) and (E) 
J.1A 
Vcc= SV, Tamb= (C), (I) and (E) 


standby current 
Iccs 
- 
100 
J.1A 
SDA = SCL = Vcc = SV 
(no PROGRAM active) 


Note 
1: 
This 
parameter 
is periodically 
sampled 
and 
not 
100% 
tested. 


Note 
2: 
For 
operation 
above 
85"C. 
endurance 
is rated 
at 10,000 
ERASEJWRITE 
cycles 


IIII 
I 
I 
I- 


I 
I 
I 
I 
I 
I 
I- 


AC CHARACTERISTICS 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 
Remarks 


Clock frequency 
FCLK 
- 
- 
100 
kHz 


Clock high time 
THIGH 
4000 
- 
- 
ns 


Clock low time 
TLOW 
4700 
- 
- 
ns 


SDA and SCl rise time 
TR 
- 
- 
1000 
ns 


SDA and SCl fall time 
TF 
- 
- 
300 
ns 


START condition hold time 
THD:STA 
4000 
- 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 
4700 
- 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
- 
ns 


Data output delay time 
TPD 
300 
- 
3500 
ns 
See Note 1 


STOP condition setup time 
TSU:STO 
4700 
- 
- 
ns 


Bus free time 
TSUF 
4700 
- 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Input filter time constant 
TI 
- 
- 
100 
ns 
(SDA and SCl pins) 


Program cycle time 
Twc 
- 
.4 
1 
ms 
Byte Mode 
.4N 
N 
ms 
Page Mode, N = # of bytes 


Endurance 
- 
100,000 
- 
- 
EJWCycies 


Note 1: 
As transmitter the device must provide this internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of 
the falling edge of SCL to avoid unintended 
generation of START or STOP conditions. 


works as slave. Both master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


Up to four 24C01A102A104As can be connected to the 
bus, selected by the A 1 and A2 chip address inputs. AO 
must be tied to vcc 
or Vss. 
Other devices can be 
connected to the bus but require different device codes 
than the 24C01 Al02A104A (refer to section Slave Ad- 
dress). 


The 24C01 Al02A104A supports a bidirectional two wire 
bus and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCl), 
controls the bus access, and generates the 
START and STOP conditions, while the 24C01Al02A104A 


•• 


The following bus protocol 
has been defined: 


- 
Data transfer may be initiated only when the bus is not 
busy. 


- 
During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes inthe data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following 
bus conditions 
have been 
defined (see Figure 1): 


Bus not Busy (A) 


Start Data Transfer (B) 


A HIGH to LOW transition olthe SDA line while the clock 
(SCL) is HIGH detennines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


A LOW to HIGH transition olthe SDA line while the clock 
(SCL) is HIGH detennines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and tenninated with a STOP condition. 
The number of 
the data bytes transferred 
between the START and 
STOP conditions is detennined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24C01 AI02A104A does not generate any 
acknowledge 
bits 
if an internal 
program- 
ming cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 
setup and hold times must be taken into account. 
A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. 
In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


The chip address inputs A1 and A2 of each 24C01A1 
02A104A must be extemally connected to either Vcc or 
ground (VSS) , assigning 
to each 24C01A102A104A a 
unique2-bitaddress. 
Uptofour24C01A102A104As 
may 
be connected to the bus. Chip selection is then accom- 
plished through software by setting the bits A1and A2 of 
the slave address to the corresponding hard-wired logic 
levels of the selected 24C01 Al02A104A. 
AOis not used 
and must be connected to either Vcc or Vss. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C01A102AI04A, followed by the 
chip address bits A1and A2. Inthe 24C04A, the seventh 
bit of that byte (SA) is used to select the upper block 
(addresses 
100-1 
FF) or the lower block (addresses 
OOO-OFF) of the array. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24C01 Al02A104A 
(see Figure 2). 


The 24C01A102A104A monitors the bus for its corre- 
sponding slave address all the time. 
It generates an 
acknowledge bit ifthe slave address was true and it is not 
in a programming mode. 


START 
/" 
q: 
/ 
// 


In this mode, the master sends addresses and one data 
byte to the 24C01A102A104A. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the RiW bit, which is logic 
LOW, are placed onto the bus by the master. 
This 
indicates to the addressed 24C01 Al02A104A that a byte 


S 
T 
BUS ACTIVITY: 
A 
MASTER 
R 
T 


with a word address will follow after it has generated an 
acknowledge bit. Therefore the next byte transmitted by 
the master isthe word address and will be written into the 
address pointerofthe 
24C01 Al02A104A. After receiving 
the acknowledge of the 24C01 Al02A104A, the master 
device transmits the data word to be written into the 
addressed 
memory 
location. 
The 24C01A102A104A 
acknowledges again and the master generates a STOP 
condition. This initiates the intemal programming cycle 
of the 24C01 Al02A104A 
(see Figure 3). 


To program the 24C01A102A104A, the master sends 
addresses and data to the 24C01 Al02A104A which is the 
slave (see Figure 3 and 4). This is done by supplying a 
START condition followed by the 4-bit device code, the 
3-bit slave address, and the RJW bit which is defined as 
a logic LOW for a write. This indicates to the addressed 
slave that a word address will follow so the slave outputs 
the acknowledge pulse to the master during the ninth 
clock pUlse. When the word address is received by the 
24C01 Al02A104A, 
it places it in the lower 8 bits of the 
address pointer defining which memory location is to be 
written. (The SA bit transmitted with the slave address 
isthe ninth bit of the address pointer). The 24C01 Al02A1 
04A will generate an acknOWledge after every 8-bits 
received and store them consecutively in a 2-byte or 8- 
byte RAM until a STOP condition 
is detected which 
initiates the intemal programming cycle. If more than 8 
bytes (2 bytes in 24C01A102A) are transmitted by the 
master, the 24C01 Al02A104A will roll over and overwrite 
the data beginning with the first received byte. This does 
not affect erase/write cycles of the EEPROM array and 
is accomplished as a result of only allowing the address 
registers bottom 3 bits to increment while the upperS bits 
remain unchanged. 


Ifthe master generates a STOP condition aftertransmit- 
ting the first data word (Point 'P' on Figure 3), byte 
programming mode is entered. 


The intemal, completely self-timed 
PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received data bytes inthe page buffer 
will be written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8 for 
24C04A, 2 for 24C01A102A). 


:::::lif 


•• 


24C01 A102A104A 


S 
T 


BUS ACTIVITY: 
A 


MASTER 
R 
T 
ffiJUIILJ:::::::U: 


Since the device will not acknowledge 
during a write 


cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the intemally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 


sending a start condition followed by the control byte for 
a write command (RIW=0). lithe device is still busy with 
the write cycle, then no ACK will be retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 5 for flow diagram. 
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Programming of the upper half of the memory will not 
take place if the WP pin of the 24C02A or 24C04A is 
connected to Vcc (+5V). The device will accept slave 
and word addresses but if the memory accessed is write 
protected 
by the WP pin, the 24C02A104A will not 


generate an acknowledge after the first byte of data has 
been received, and thus the program cycle will not be 
started when the STOP condition is asserted. Polarity of 
the WP pin has no effect on the 24C01 A. 


This mode illustrates master device reading data from 
the 24C01A102A104A. 


As can be seen from Figures 7 and 8, the master first 
sets up the slave and word addresses by doing a write. 
(Note: Although this is a read mode, the address pointer 
must be written to). During this period the 24C01 Al02A1 
04A generates the necessary acknowledge bits as de- 
fined in the appropriate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. 
After the 


slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, 
increments the address pointer and, if it receives an 
acknowledge 
from the master, will transmit the next 


consecutive byte. This auto-increment sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: 
Ifthe master knows where the address pointer is, 
it can begin the read sequence at the current 
address (see Figure 6) and save time transmit- 
ting the slave and word addresses. 


Note: 
In all modes, the address pointer will not incre- 
ment through a block (256 byte) boundary, but 
will rotate back to the first location in that block. 
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The levels on these 
inputs are compared 
with the 


corresponding 
bits in the slave address. 
The chip is 


selected if the compare is true. 
For 24C04 AO is no 


function. 


Upto eight 24C01 A/02A'sor up to four 24C04A's can be 
connected to the bus. 


These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data InDutlOutDut 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pull-up resis- 
tor to vcc (typicaI10K!l). 


For normal data transfer, SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP Write Protection 


This pin must be connected to either Vcc or Vss for 
24C02A or 24C04A. 
It has no effect on 24C01A. 


If tied to Vcc, PROGRAM 
operations onto the upper 


memory block will not be executed. Read operations are 
possible. 


Iftiedto Vss, normal memory operation is enabled (read! 
write the entire memory). 


This feature allows the user to assign the upper ha~ of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave 
address and word address will be acknowledged 
but 


data will not be acknowledged. 


Notes: 


1. A "page" is defined as the maximum number of bytes 


that can be programmed in a single write cycle. The 
24C04A page is 8 bytes long; the 24C01 A/02A page 
is 2 bytes long. 


2. A "block" is defined as a continuous area of memory 


with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the 
first location in the same block. 
The 24C01 A/02A/ 


04A has two blocks, 256 bytes each. 
The 24C01A 


and 24C02A each have only one block. 
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To order or to obtain infonnation, 
e.g., on pricing or delivery, 
please use the listed part numbers, 
and refer to the factory 
or the listed sales offices. 


24C01A-/P 


PACKAGE: 
J 
CERDIP 
P 
PLASTIC 
DIP 
SN 
PLASTIC 
SOIC r50 
mil Bodyl8-Lead. 
24C01A102A only 


SM 
PLASTIC 
SOIC 
207 mil Body 
8-Lead 
SL 
PLASTIC SOIC 
150 mil Body 
14-Lead, 24C04A only 


I 


TEMPERATURE 
Blank 
O'Cto 
+70'C 
RANGE: 
I 
-40'C to +85'C 
E 
-40'C to +125'C 


I 
DEVICE: 
24C01A 
1K CMOS Serial EEPROM 
24C01AT 
1K CMOS Serial EEPROM 
(in Tape and Reel) 


24C02A 
2K CMOS Serial EEPROM 
24C02AT 
2K CMOS Serial EEPROM 
(in Tape and Reel) 


24C04A 
4K CMOS Serial EEPROM 
24C04AT 
4K CMOS Serial EEPROM 
(in Tape and Reel) 


MICROCHIP 
24LC018/028 


• Single supply with operation down to 2.5V 
• Low power CMOS technology 
1 mA active current typical 
- 
10 JlA standby current typical at 5.5V 
- 
5 !LAstandby current typical at 3.0V 
• Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 
• Two wire serial interface bus, I2CTMcompatible 
• 100KHz (2.5V) and 400KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 8 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection> 
3,OOOV 
• 
1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 
40 years 
• 8 pin DIP or SOIC package 
• Available for extended temperature ranges 
Commercial: 
O·C to + 70·C 
- 
Industrial: 
-40·C 
to +85·C 


The 
Microchip 
Technology 
Inc. 
24LC01 Band 
24LC02B are 1K bit and 2K bit Electrically 
Erasable 
PROMs. The devices are organized as a single block 
of 128 x 8 bit or 256 x 8 bit memory with a two wire 
serial interface. 
Low voltage design permits opera- 
tion down 
to 2.5 volts 
with a standby 
and active 
currents 
of only 5 !LA and 1 mA respectively. 
The 
24LC01 Band 
24LC02B 
also have page-write 
capa- 
bility for up to 8 bytes of data. 
The 24LC01 Band 
24LC02B are available in the standard 8-pin DIP and 
an 8-pin surface mount SOIC package. 


vcc 0-- 


vss 0-- 
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Maximum Ratings· 


Vcc 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.6V to Vcc +1.0V 
Storage temperature 
-6S·C to +1S0'C 
Ambient temp. with power applied 
-6S'C to +12S'C 
Soldering temperature of leads (10 seconds) ..+300·C 
ESD protection on all pins 
~ 4 kV 


"Notice: 
Stresses 
above 
those 
listed 
under 
''Maximum 
ratings' 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
lor extended 
periods 
may affect device 
reliability. 


Name 
Function 


Vss 
Ground 


SDA 
Serial AddresslData VO 


SCL 
Serial Clock 


WP 
Write Protect Input 


Vcc 
+2.SV to S.SV Power Supply 


AO,A1,A2 
No Internal Connection 


DC CHARACTERISTICS 
vcc = +2.SV to +S.SV 
Commercial 
(C): 
Tamb = 
O'Cto +70'C 


Industrial 
(I): 
Tamb = -40'C to +8S'C 


Parameter 
Symbol 
Min 
Max 
Units 
Conditions 


WP, SCL and SDA pins: 
High level input voltage 
VIH 
.7Vcc 
V 


Low level input voltage 
VIL 
.3Vcc 
V 


Hysteresis of Schmidt trigger inputs 
VHYS 
O.OSVoo 
- 
V 
Note 1 


Low level output voltage 
VOL 
.40 
V 
IOL= 3.0 mA, Vcc = 2.SV 


Input leakage current 
III 
-10 
10 
IlA 
VIN = .1V to S.SV 


Output leakage current 
ILo 
-10 
10 
IlA 
VOUT= .1VtoS.SV 


Internal capacitance 
CINT 
- 
10 
pF 
Vcc = S.OV(Note 1) 


(all inputs/outputs) 
Tamb = 2S'C, FCLK= 1 MHz 


Operating current 
Iccwrite 
- 
3 
mA 
Vcc=S.SV 
SCL= 400 KHz 
Icc read 
- 
1 
mA 


Standby current 
Iccs 
- 
30 
IlA 
Vcc=3.0V 
SDA = SCL = Vcc 


100 
IlA 
Vcc=S.SV 
SDA = SCL = Vcc 


I 
I 
I 
I 
I- 


I 
I 
I 
I 
I- 


STANDARD 
Vcc = 4.S-S.SV 
/ 


AC CHARACTERISTICS 
MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock 
frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock 
high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock 
low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and 
SCL 
rise time 
TR 
- 
1000 
- 
300 
ns 
Note 
2 


SDA 
and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 
2 


START 
condition 
hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After 
this period 
the first 


clock 
pulse 
is generated 


START 
condition 
setup 
time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only 
relevant 
for repeated 
START 
condition 


Data 
input 
hold time 
THD:DAT 
0 
- 
0 
- 
ns 
Note 
1 


Data 
input setup 
time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP 
condition 
setup 
time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output 
valid 
from 
clock 
TAA 
- 
3500 
- 
900 
ns 
Note 
1 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time 
the bus must 
be free 
before 
a new transmission 
can start 


Output 
fall time 
from 
VIH 
TOF 
- 
250 
20 +0.1 
250 
ns 
Note 
2, CB ~ 100 pF 
minimum 
to VIL maximum 
CB 


Input filter 
spike 
suppression 
Tsp 
N1A 
N/A 
0 
50 
ns 
Note 
3 
(SDA 
and SCL 
pins) 


Write 
cycle 
time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page 
mode 


Endurance 
- 
1oo,(XX) - 
100,000 
- 
EIW 
Cycles 


As a transmitter, the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation 
of START or STOP condttions. 


Not 100% tested. 
CB = total capacttance of one bus line in pF. 


The combined 
TSP and VHYS specffications 
are due to new Schmitt trigger inputs which provide 
improved noise spike 
suppression. 
This eliminates the need for a TI specffication 
for standard operation. 


Note 2: 


Note 3: 


SDA 
N 


SDA 
OUT 
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The 24LC01 8I02B supports a bidirectional two wire bus 
and data transmission protocol. 
A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL) , controls the bus access, and generates the 
START and STOP conditions, while the 24LC01B/02B 
wor1<sas slave. Both master and slave can operate as 
transmitter or receiver but the master device detennines 
which mode is activated. 


The following bus protocol 
has been defined: 


• Data transfer may be initiated only when the bus is not 
busy. 
• During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions 
have been 
defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition olthe SDA line while the clock 
(SCL) is HIGH detennines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH detennines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and tenninated with a STOP condition. 
The number of 
the data bytes transferred 
between the START and 
STOP conditions is detennined 
by the master device 
and is theoretically 
unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur itwill replace data ina first 
in first out fashion. 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24LC01 81028 does not generate any ac- 
knowledge 
bits 
if an internal 
programming 
cycle is in progress. 


The device that acknowledges has to pUlldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 


setup and hold times must be taken into account. 
A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. 
In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Slave Address 


The 24LC01 B/02B are software-compatible 
with older 
devices 
such 
as 24C01 A, 24C02A, 
24LC01, 
and 
24LC02. 
A single 24LC02B can be used in place of 
two 24LC01 's, for example, without any modifications 
to software. 
The 'chip select' 
portion of the control 
byte becomes a don't care. 


After generating 
a START condition, the bus master 
transmits 
the 
slave 
address 
consisting 
of a 4-bit 
device code (1010) forthe 24LC01 B/02B, followed by 
three don't care bits. 


The eighth 
bit of slave 
address 
determines 
if the 
master device wants to read or write to the 24LC01 BI 
02B (see Figure 2). 


The 24LC01 B/02B 
monitors 
the bus for its corre- 
sponding slave address all the time. 
It generates an 
acknowledge 
bit if the slave address was true and it 
is not in a programming 
mode. 


Operation 
Control Code 
ChipSelect 
RiW 


Read 
1010 
XXX 
1 


Write 
1010 
XXX 
0 


START 
/'q: 


I 
II 
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T 
BUS ACTIVITY: 
A 
MASTER 
R 
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Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the RfN bit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC01 Bl02B. 
After receiving another 
acknowledge signal from the 24LC01 Bl02B the master 
device will transmit the data word to be written into the 
addressed memory location. 
The 24LC01 Bl02B ac- 


knowledges 
again and the master generates a stop 
condition. 
This initiates the intemal write cycle, and 
during this time the 24LC01 B/02B will not generate 
acknOWledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC01B/02B 
in the same 
way as in a byte write. But instead of generating a stop 
•• 
condition the master transmits up to eight data bytes to 
the 24LC01 Bl02B which are temporarily stored in the 
on-chip page buller and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 
pointer bits are intemally 
incremented 
by one. 
The 
higher order five bits of the word address 
remains 
constant. If the master should transmit more than eight 
words priorto generating the stop condition, the address 
counter will roll over and the previously received data will 
be overwritten. 
As with the byte write operation, once 
the stop condition is received an intemal write cycle will 
begin (see Figure 5). 
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cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the intemally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 
sending a start condition followed by the control byte for 
a write command (RJW=O). 
Ifthedevice is still bUsywith 
the write cycle, then no ACK will be retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 
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the WP pin is connected to VCC. Programming will be 
inhibited and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current 
Address 
Read 


The 24LC016/026 
contains an address counter that 
maintains the address of the last word accessed, inter- 
nally incremented by one. 
Therefore, if the previous 
access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. 
Upon receipt of the slave 
address with RJW bit set to one, the 24LC016/026 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC016/026 
discontinues transmission (see Figure 6). 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC01B1026 as part of a write operation. 
After the 
word address is sent, the master generates 
a start 
condition following the acknowledge. 
This terminates 
the write operation, but not before the intemal address 
pointer is set. Then the master issues the control byte 
again but with the R!W bit set to a one. The 24LC01 61 
026 will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition 
and the 
24LC01 61026 discontinues transmission (see Figure 7). 
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24LC01 8/028 


Seqyential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC01 61028 trans- 
mits the first data byte, the master issues an acknowl- 
edge as opposed to a stop condition in a random read. 
This directs the 24LC01B1028 to transmit 
the next 
sequentially addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24LC01 61028 contains 
an internal address pointer which is incremented by one 
at the completion of each operation. 
This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


Noise protection 


The 24LC01B1028 employs a Vcc threshold detector 
circuit which disables the internal erase/write logic if the 
Vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


SDA Serial Address/Data InDyt/Oytpyt 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. 
It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 1OKn for 100 KHz, 1Knfor400 
KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
we. 


This pin must be connected to either Vss or Vcc. 


Iftied to Vss, normal memory operation is enabled (read! 
write the entire memory). 


If tied to Vcc, WRITE operations 
are inhibited. 
The 
entire memory will be write-protected. 
Read operations 
are not affected. 


This feature allows the user to use the 24LC01 61028 as 
a serial ROM when WP is enabled (tied to Vcc). 


AO,A1,A2 


These pins are not used by the 24LC0181028. 
They 
may be left floating or tied to either Vss or Vcc. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 


24LC01B - IP 


~ 


DEVICE: 
24LC01 B 
24LC01BT 
24LC02B 
24LC02BT 


PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 
PLASTIC SOIC (207 mil Body) 


1K CMOS Serial EEPROM 
1K CMOS Serial EEPROM (in Tape and Reel form) 
2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (in Tape and Reel form) 


24AA01/02 


• Single supply with operation down to 1.8V 
• Low power CMOS technology 


1 mA active current typical 


- 
10 J.1A standby current typical at 5.5V 


- 
3 ~A standby current typical at 1.8V 


• Organized as a single block of 128 by1es (128 x 8) 


or 256 by1es (256 x 8) 


• Two wire serial interface bus, FCTMcompatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 
100 KHz (1.8V) and 400 KHz (5V) compatibility 


• Se~-timed write cycle (including auto-erase) 
• Page-write buffer for up to 8 by1es 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection> 
3,OOOV 


• 1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 
40 years 


• 8-pin DIP or SOIC package 
• Available for extended temperature ranges 
- 
Commercial: 
O·C to + 70·C 


The Microchip Technology 
Inc. 24AA01 and 24AA02 
are 1K bit and 2K bit Electrically 
Erasable 
PROMs. 


The devices are organized 
as a single block of 128 x 


8 bit or 256 x 8 bit memory 
with a two wire serial 


interface. Low-voltage design permits operation down 
to 1.8 volts with standby and active currents of only 3 
~A and 1 mA, respectively. 
The 24AA01 and 24AA02 
also have page-write 
capability 
for up to 8 by1es of 


data. 
The 24AA01 and 24AA02 are available 
in the 
standard 
8-pin DIP and 8-pin surface 
mount SOIC 
packages. 


AO 
vcc 


A1 
wp 
vcc 0-- 
A2 
SCl 
vss 0-- 


vss 
SDA 


• 


Maximum Ratings· 


vee 
7.0V 


All inputs 
and outputs 
w.r.t. 
Vss 
-0.6V 
to Vee + 1.0V 
Storage 
temperature 
-6S·C 
to +1S0'C 
Ambient 
temp. 
with power 
applied 
-6S·C to +12S'C 
Soldering 
temperature 
of leads 
(10 seconds) 
.. +300'C 
ESD protection 
on all pins 
~ 4 kV 


'Notice: Stresses above those listed under ''Maximum ratings' may 
causepennanentdamagetothe device. This is a stressratingonly and 
functionaloperationof thedeviceat thoseor anyotherconditionsabove 
those indicated in the operational listings of this specification is not 
implied. Exposureto maximumratingconditions for extended periods 
may affect device reliability. 


PIN FUNCTION TABLE 


Name 
Function 


Vss 
Ground 


SDA 
Serial 
AddresslData 
1/0 


SCL 
Serial 
Clock 


WP 
Write 
Protect 
Input 


Vcc 
+ 1.8V to S.SV Power 
Supply 


AO,A1,A2 
No Internal Connection 


DC CHARACTERISTICS 
Vee = + 1.8V to +S.SV 
Commercial 
(C): 
Tamb 
= 
O'Cto 
+70'C 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 
Conditions 


WP. 
SCL and 
SDA 
pins: 
High 
level 
input 
voltage 
VIH 
.7 Vee 
- 
- 
V 


Low level 
input 
voltage 
VIL 
- 
- 
.3 Vee 
V 


Hysteresis 
of Schmitt 
trigger 
inputs 
VHYS 
0.05 
Voo 
- 
- 
V 
Note 
1 


Low level output 
voltage 
VOL 
- 
- 
.40 
V 
IOL = 3.0 mA, Vee = 1.8V 


Input 
leakage 
current 
III 
-10 
- 
10 
lJA 
VIN = .W to S.SV 


Output 
leakage 
current 
ILO 
-10 
- 
10 
lJA 
VOUT= 
.1Vto 
S.5V 


Intemal 
capacitance 
CINT 
- 
- 
10 
pF 
Vee = S.OV (Note 
1) 


(all inputs/outputs) 
Tamb 
= 2S'C, 
FeLK = 1 MHz 


Operating 
current 
Ice Write 
- 
- 
3 
mA 
Vee = 5.SV, SCL 
= 400 
KHz 


- 
0.5 
- 
mA 
Vee = 1.8V, 
SCL 
= 100 KHz 
Ice Read 
- 
- 
1 
mA 
Vee = 5.SV, SCL 
= 400 
KHz 
- 
0.05 
- 
mA 
Vee = 1.8V, 
SCL 
= 100 KHz 


Standby 
current 
Ices 
- 
- 
100 
lJA 
Vee = 5.5 V, SDA 
= SCL 
= Vee 
- 
- 
30 
lJA 
Vee = 3.0 V, SDA 
= SCL 
= Vee 
- 
3 
- 
lJA 
Vee= 
1.8 V, SDA 
= SCL= 
Vee 


I 
I 
I 
I 
I 
I 
I- 


AC CHARACTERISTICS 
STANDARD 
Vcc = 4.5-5.5V 
MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Units 
Remarks 


Clock frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 2 


SDA and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 2 


START condition hold time 
THD:STA 4000 
- 
600 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 4700 
- 
600 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 
Note 1 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP condition setup time 
TSU:STO 4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 1 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min to 
TOF 
- 
250 
20 +0.1 
250 
ns 
Note 2,CB ~ 100 pF 
VILmax 
CB 


Input filter spike suppression 
Tsp 
NlA 
N/A 
0 
50 
ns 
Note 3. 
(SDA and SCL pins) 


Write cycle time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page mode 


Endurance 
- 
100,(0) - 
100,000 - 
EN! 
1,000,000typical 
Cycles 


Note 1: 
As a transmitter, the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. 
CB = total capacitance of one bus line in pF. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schmitt trigger inputs which provide improved noise 
spike suppression. 
This eliminates the need for a TI specification for standard operation. 


SDA 
OUT 


•• 


~JI.c!\.•{M/M' l~~rts 
a bidirectional two wire bus 


and data transmission 
protocol. 
A device that sends 


data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCl), 
controls the bus access, and generates the 


START and STOP conditions, 
while the 24AA01/02 


wor1<sas slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


Data transfer may be initiated only when the bus is not 
busy. 


• During data transfer, the data line must remain stable 


whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, 
the following 
bus conditions have been 


defined (see Figure 1): 


Bus 
not 
Busy 
(A) 


Both data and clock lines remain HIGH. 


Start 
Data Transfer 
(B) 


A HIGH to lOW transition ofthe SDA line while the clock 
(SCl) 
is HIGH determines 
a START condition. 
All 


commands must be preceded by a START condition. 


Stop 
Data Transfer 
(e) 


A lOW to HIGH transition ofthe SDA line while the clock 
(SCl) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the lOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 


the data bytes transferred 
between the START and 


STOP conditions is determined by the master device 
and is theoretically 
unlimited, although 
only the last 


sixteen will be stored when doing a write operation. 
When an overwrite does occur itwill replace data ina first 
in first out fashion. 


Each receiving device, when addressed, 
is obliged to 


generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24AA01/02 
does 
not 
generate 
any ac- 


knowledge 
bits 
if an internal 
programming 


cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable lOW during the HIGH period 
of the acknowledge related clock pulse. 
Of course, 


setup and hold times must be taken into account. 
A 


master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. 
In this case, the slave 


must leave the data line HIGH to enable the master to 
generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Slave Address 


The 24AA01/02 
are software-compatible 
with older 


devices 
such 
as 24C01 A, 24C02A, 
24LC01, 
and 


24LC02. A single 24AA02 can be used in place of two 
24LC01's, for example, without any modifications 
to 


software. 
The 'chip select' portion olthe control by1e 


becomes a don't care. 


After generating 
a START condition, 
the bus master 


transmits 
the 
slave 
address 
consisting 
of a 4-bit 


device code (1010) for the 24AA01/02, 
followed 
by 


three don't care bits. 


The eighth 
bit of slave address 
determines 
if the 


master device wants to read or write to the 24AA01/ 
02 (see Figure 2). 


The 24AA01/02 
monitors the bus for its correspond- 


ing slave 
address 
all the time. 
It generates 
an 


acknowledge 
bit if the slave address was true and it 


is not in a programming 
mode. 


Operation 
Control Code 
ChipSelect 
RiW 


Read 
1010 
XXX 
1 


Write 
1010 
XXX 
0 


START 
/q: 


/// 


S 
T 
BUS ACTIVITY: 
A 
CONTROL 
MASTER 
R 
BYTE 
T 
_ 


Byte Write 


Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the RiW bit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 


ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the nex1byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA01/02. 
After receiving another ac- 


knowledge signal from the 24AA01/02 the master de- 
vice will transmit the data word to be written into the 
addressed memory location. The 24AA01/02 acknowl- 
edges again and the master generates a stop condition. 
This initiates the intemal write cycle, and during this time 
the 24AA01/02 will not generate acknowledge signals 
(see Figure 3). 


Page Write 


The write control by1e, word address and the first data 
byte are transmitted to the 24AA01/02 in the same way 
as in a byte write. 
But instead of generating a stop 


condition the master transmits up to eight data bytes to 
the 24AA01/02 which are temporarily stored in the on- 
chip page buffer and will be written into the memory after 
the master has transmitted a stop condition. 
After the 


receipt of each word, the three lower order address 
pointer bits are intemally 
incremented 
by one. 
The 


higher order five bits of the word address 
remains 


constant. 
If the master should transmit more than eight 


words priorto generating the stop condition, the address 
counter will rollover and the previously received data will 
be overwritten. 
As with the byte write operation, once 


the stop condition is received an intemal write cycle will 
begin (see Figure 5). 


::::: 
U: 
I::::: 
LEr 
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Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com· 


mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 


sending a start condition followed by the control byte for 
a write command (RJW=O). lithe device is still busy with 
the write cycle, then no ACK will be returned. lithe cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 


Send 
Write Command 


S 
T 


BUS ACTIVITY: 
A 


MASTER 
R 
T 
ffiJllIIlJ:::::::U: 


The 24AA01/02 can be used as a serial ROM when the 
WP pin is connected to Vcc. 
Programming 
will be 
inhibited and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current 
Address 
Read 


The 24AA01/02 contains an address counterthat main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R!W bit set to one, the 24AA01/02 
issues an 


acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AAO 1/02 discontinues 
transmission (see Figure 6). 


Random 
Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24AA01/02 
as part of a write operation. 
After the word 


address is sent, the master generates a start condition 
following the acknowledge. 
This terminates the write 


operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the Riii bit set to a one. The 24AA01/02 
will then 


issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA01/02 
discontinues transmission (see Figure 7). 


':: ::: u::::::: 
~,::::: 
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24AA01/02 
. 


random read except that after the 24AAO 1/02 transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. 
This 


directs the 24AA01/02 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24AAO 1/02 contains an 
intemal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise Protection 


The 24AA01/02 
employs 
a vcc 
threshold 
detector 


circuit which disables the intemal erase/write logic if the 
vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


;;UA :serial Address/Data 
Inout/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. 
It is an open drain 


terminal, therefore the SDA bus requires a pUllup resis- 
tor to Vcc (typical10KQ 
for 100 KHz. 1Kfor 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


This pin must be connected to either Vss or Vcc. 


Iflied to Vss, normal memory operation is enabled (read! 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. 
The 


entire memory will be write-protected. 
Read operations 


are not affected. 


This feature allows the user to use the 24AA01/02 
as a 


serial ROM when WP is enabled (tied to Vcc). 


AO, A1. A2 


These pins are not used by the 24AA01/02. 
They may 


be left floating or tied to either Vss or Vcc. 


•• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices below or contact corporate headquarters for the representative or distributor in your area. 


24AAOI 
• IP 


~ 


PLASTIC DIP 
PLASTIC SOIC (150 mil Body), a-Lead 
PLASTIC SOIC (207 mil Body), a-Lead 


24AAOI 
24AAon 
24AA02 
24AA02T 


1.av, 1K CMOS Serial EEPROM 
l.av, 
1K CMOS Serial EEPROM (in Tape and Reel fonn) 


1.av, 2K CMOS Serial EEPROM 
l.av, 2K CMOS Serial EEPROM (in Tape and Reel fonn) 


24LC04B/08B 


8-S0IC Package 
14·S01C Package 


NC 
NC 


AO 
Vcc 


Al 
WP 
vcc 
AO 
vcc 


NC 
NC 
WP 
Al 
WP 
A2 
SCL 


SCL 
A2 
SCL 
Vss 
SDA 


SDA 
vss 
SDA 
NC 
NC 


• Single supply with operation down to 2.5V 


• Low power CMOS technology 


- 
1 mA active current typical 


- 
10 !LAstandby current typical at 5.5V 


- 
5 !LAstandby current typical at 3.0V 


• Organized as two or four blocks of 256 bytes 


(2 x 256 x 8) and (4 x 256 x 8) 


• Two wire serial interface bus, 12CTMcompatible 


• Schmitt trigger, filtered inputs for noise suppression 


• Output slope control to eliminate ground bounce 


• 100 KHz (2.5V) and 400 KHz (5V) compatibility 


• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 


• 2 ms typical write cycle time for page-write 


• Hardware write protect for entire memory 


• Can be operated as a serial ROM 


• Factory programming (QTP) available 


• ESD protection> 
4,OOOV 


• 1,000,000 ERASElWRITE cycles (typical) 


• Data retention> 
40 years 


• 8-pin DIP, 8-lead or 14-lead SOIC packages 
• Available for extended temperature ranges 


- 
Commercial: 
O°C to +70°C 


- 
Industrial: 
-40°C 
to +85°C 


The Microchip Technology Inc. 24LC04B108B is a4K- or 
8K-bit Electrically Erasable PROM. The device is orga- 
nized as two or four blocks of 256 x 8 bit memory with a 
two wire serial interface. 
Low voltage design permits 


operation down to 2.5 volts with standby and active 
currents of only 5 !LA and 1 mA respectively. 
The 


24LC04B108B also has a page-write capability for up to 
16 bytes of data. The 24LC04B/08B is available in the 
standard8-pin 
DIP and both 8-lead and 14-leadsurface 


mount SOIC packages. 


vcc 0-- 
vss 0-- 
•• 


Maximum Ratings· 


Vcc 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.3V to Vce + 1.0V 
Storage temperature 
-6S·C to +1S0·C 
Ambient temp. with power applied 
-6S·C to +12S·C 
Soldering temperature of leads (10 seconds) ..+300·C 
ESD protection on all pins 
~ 4 kV 


·Notice: 
Stresses 
above 
those 
listed 
under 
''Maximum 
ratings· 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


PIN FUNCTION TABLE 


Name 
Function 


Vss 
Ground 


SDA 
Serial Address/Data 1/0 


SCL 
Serial Clock 


WP 
Write Protect Input 


Vcc 
+2.SV to S.SV Power Supply 


AO, A1, A2 
No Internal 
Connection 


DC CHARACTERISTICS 
vcc = +2.SV to +S.SV 
Commercial 
(C): 
Tamb= 
O·Cto +70·C 
Industrial 
(I): 
Tamb = -40·C to +8S·C 


Parameter 
Symbol 
Min 
Max 
Units 
Conditions 


WP. SCL and SDA pins: 
High level input voltage 
VIH 
.7Vcc 
- 
V 


Low level input voltage 
VIL 
- 
.3 Vcc 
V 


Hysteresis of Schmitt trigger inputs 
VHYS 
0.05 Vcc 
- 
V 
Note 1 


Low level output voltage 
VOL 
- 
.40 
V 
IOL= 3.0 mA. Vce = 2.SV 


Input leakage current 
III 
-10 
10 
lJ.A 
VIN = .1V to Vce 


Output leakage current 
ILO 
-10 
10 
lJ.A 
VOUT= .1Vto Vec 


Intemal capacitance 
CINT 
- 
10 
pF 
Vcc = S.OV(Note 1) 


(all inputs/outputs) 
Tamb = 2S·C. FCLK= 1 MHz 


Operating current 
Ice WRITE 
- 
3 
mA 
Vcc=S.SV 
SCL=400 
KHz 
Icc READ 
- 
1 
mA 


Standby current 
Iccs 
- 
30 
lJ.A 
Vcc=3.0V 
SDA = SCL = Vec 
- 
100 
lJ.A 
Vcc=S.SV 
SDA = SCL = Vec 


I 
I 
I 
I 
I- 


I 
II 
I 
I- 


STANDARD 
Vcc = 4.5-5.5V 
AC CHARACTERISTICS 
MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock frequency 
Feu< 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 2 


SDA and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 2 


START condition hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP condition setup time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 1 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 2,CB ~ 100 pF 
to VILmax 
CB 


Input filter spike suppression 
Tsp 
NlA 
NlA 
0 
50 
ns 
Note 3 
(SDA and SCL pins) 


Write cycle time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page mode 


Endurance 
- 
100,000 
- 
100,000 
- 
EJW 
1,000,000typical 
Cycles 


Note 1: 
As a transmitter, the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: Not 100% tested. 
CB = total capacitance of one bus line in pF. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI specification for standard operation. 


SDA 
OUT 
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The 24lC048J08B 
supports a bidirectional two wire bus 
and data transmission protocol. 
A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCl) , controls the bus access, and generates the 
START and STOP conditions, while the 24lC04B/08B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


• Data transfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus 
not Busy 
(A) 


Both data and clock lines remain HIGH. 


Start 
Data Transfer 
(B) 


A HIGH to lOW transition olthe SDA line while the clock 
(SCl) 
is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop 
Data Transfer 
(e) 


A lOW to HIGH transition olthe SDA line while the clock 
(SCl) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the lOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 
the data bytes transferred 
between the START and 
STOP conditions is determined by the master device 
and is theoretically 
unlimited, although only the last 


sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data ina first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge 
after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24lC04B/08B 
does 
not 
generate 
any 
acknowledge 
bits 
if an internal 
program- 


ming cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pUlse in such a way 
that the SDA line is stable lOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 


setup and hold times must be taken into account. 
A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. 
In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Device Addressing 
and Operation 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 


consists of a four bit control code, for the 24LC04B/08B 
this is set as 1010 binary for read and write operations. 
The next three bits ofthe control byte are the block select 
bits (B2, B1, BO). B2isadon1careforboththe24LC04B 
and 24LC08B; B1 is a don't care forthe 24LC04B. They 
are used by the master device to select which of the two 
or four 256 word blocks of memory are to be accessed. 
These bits are in effect the most significant bits of the 
word address. 


The last bit of the control byte defines the operation to be 
performed. 
When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24LC04B108B moni- 
tors the SDA bus checking the device type identifier 
being transmitted, upon a 1010 code the slave device 
outputs an acknowledge signal on the SDA line. 
De- 


pending on the state of the RJW bit, the 24LC04B/08B 
will select a read or write operation. 


Operation 
Control Code 
Block Select 
RIW 


Read 
1010 
BlockAddress 
1 


Write 
1010 
BlockAddress 
0 


START 
/q: 


I 
I 
I 
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T 
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Byte Write 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RJW bit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 


ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC04B108B. 
After receiving another 


acknowledge signal from the 24LC04B108B the master 
device will transmit the data word to be written into the 
addressed 
memory location. 
The 24LC04B108B ac- 


knowledges 
again and the master generates a stop 


condition. 
This initiates the internal write cycle, and 


during this time the 24LC04B/08B 
will not generate 


acknOWledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC04B/08B 
in the same 


way as in a byte write. But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24LC04B108B which are temporarily stored in the 
on-<:hip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. 
The 


higher order seven bits of the word address remains 
constant. 
If the master should transmit 
more than 


sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 
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Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete 
(this feature can be used to maximize bus 


throughput). 
Once the stop condition for a write com- 


mand has been issued from the master, the device 
initiates the intemally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 


sending a start condition followed by the control byte for 
a write command (RIW = 0). Ifthe device is still busy with 
the write cycle, then no ACK will be retumed. Ifthe cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 


S 
T 


BUS ACTIVITY: 
A 
MASTER 
R 
T 


The 24LC04B/08B can be used as a serial ROM when 
the WP pin is connected to Vcc. 
Programming will be 


inhibited and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the RIW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current 
Address 
Read 


The 24LC04B/08B 
contains an address counter that 


maintains the address of the last word accessed, inter- 
nally incremented by one. 
Therefore, 
if the previous 


access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. 
Upon receipt of the slave 


address with RJW bit set to one, the 24LC04B/08B 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC04B/08B 
discontinues transmission (see Figure 6). 


Random read operations allow the master to access any 
memory location in a random manner. 
To perform this 


type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC04B108B as part of a write operation. 
After the 


word address 
is sent, the master generates 
a start 


condition following the acknowledge. 
This terminates 


the write operation, but not before the intemal address 
pointer is set. Then the master issues the control byte 
again but with the RiW bit set to a one. The 24LC04B1 
08B will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC04B108B discontinues 
transmission 
(see Figure 


7). 
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24LC048/088 


Sequential 
Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC04B108B trans- 
mits the first data byte, the master issues an acknowl- 
edge as opposed to a stop condition in a random read. 
This directs the 24LC04B108B to transmit 
the next 
sequentially addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24LC04B108B contains 
an intemal address pointer which is incremented by one 
at the completion 
of each operation. 
This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


Noise Protection 


The 24LC04B108B employs a Vcc threshold detector 
circuit which disables the intemal erase/write logic ~the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


SDA Serial Address/Data 
Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. 
It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to VCC(typical10Knfor 
100 KHz, 1Knfor400 
KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


This pin must be connected to either Vss or Vcc. 


Iftied to Vss, normal memory operation is enabled (read! 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. 
The 
entire memory will be write-protected. 
Read operations 
are not affected. 


This feature allows the user to use the 24LC04B108B as 
a serial ROM when WP is enabled (tied to Vcc). 


AO. A1. A2 


These pins are not used by the 24LC04B/08B. 
They 
may be left floating or tied to either Vss or Vcc. 


• 


24LC04B/08B 
or the listed sales offices. 


PART 
NUMBERS 


24LC04B -/P 


~ 


PACKAGE: 
P 
PLASTIC 
DIP 
SL 
PLASTIC 
SOIC 1150 mil BodYl' 14-Lead 
SN 
PLASTIC 
SOIC 
150 mil Body, 
8-Lead 
SM 
PLASTIC 
SOIC 
207 mil Body, 
8-Lead 


I 
TEMPERATURE 
Blank 
O'Cto 
+70'C 
RANGE: 
I 
-40'C to +85'C 


I 
DEVICE: 
24LC04B 
4K CMOS Serial EEPROM 
24LC04BT 
4K CMOS Serial EEPROM 
(in Tape and Reel Form) 


24LC08B 
8K CMOS Serial EEPROM 
24LC08BT 
8K CMOS Serial EEPROM 
(in Tape and Reel Form) 


24AA04/08 


• Single supply with operation down to 1.av 
• Low power CMOS technology 
1 mA active current typical 
- 
10 !!A standby current typical at 5.5V 
- 
3 ~A standby current typical at 1.aV 
• Organized as 2 or 4 blocks of 256 bytes 
(2 x 256 x a) or (4 x 256 x a) 
• Two wire serial interface bus, 12CTMcompatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (1.aV) and 400 KHz (5V) compatibility 
• Se~-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection> 
4,OOOV 
• 1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 
40 years 
• a-pin DIP, a-lead or 14-lead SOIC packages 
• Available for extended temperature ranges 
- 
Commercial: 
O'C 
to + 70'C 


The Microchip Technology Inc. 24AA04/08 is a 4K bit or 
aK bit Electrically 
Erasable 
PROM. 
The device 
is 
organized as 2 or 4 blocks of 256 x a bit memory with a 
two wire serial interface. 
Low voltage design permits 
operation down to 1.a volts with standby and active 
currents of only 3 !!A and 1 mA respectively. 
The 
24AA04/0a also has a page-write capability for up to 16 
bytes of data. The 24AA04/0a is available in the stan- 
dard a-pin DIP and both a-lead and 14-lead surface 
mount SOIC packages. 


vcc 0-- 


vss 0-- 


DIP Package 
8-S0IC Package 
14-S01C Package 


NC 
NC 


AO 
Vcc 


A1 
WP 
AO 
vcc 
AO 
vcc 
NC 
NC 


A1 
wp 
A1 
wp 
A2 
SCL 


A2. 
SCL 
A2. 
SCL 
SDA 
Vss 


vss 
SDA 
vss 
SDA 
NC 
NC 
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24AA04/08 


Maximum Ratings· 


Vee 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.6V to Vee +1.0V 
Storage temperature 
-6S'C to +1S0'C 
Ambient temp. with power applied 
-6S·C to +12S'C 
Soldering temperature of leads (10 seconds) ..+3OO'C 
ESO protection on all pins 
~ 4 kV 


'Notice: 
Stresses 
above 
those 
listed 
under 
'\.4aximum 
ratings' 
may 
cause permanent 
damage 
10the device. 
This is a stress rating only and 
functionaJ operation 
of the device at those or any other conditions 
above 


those 
indicated 
in the operational 
listings 
of this specification 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


PIN FUNCTION TABLE 


Name 
Function 


Vss 
Ground 


SOA 
Serial AddresslData 
I/O 


SCl 
Serial Clock 


WP 
Write Protect Input 


Vcc 
+1.8V to S.SV Power Supply 


AO,A1,A2 
No Internal Connection 


DC CHARACTERISTICS 
Vee = +1.8V to +S.SV 
Commercial 
(C): 
Tamb= 
O'Cto+70'C 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 
Conditions 


WP, SCl and SOA pins: 
High level input voltage 
VIH 
.7Vee 
- 
- 
V 


low level input voltage 
VIL 
- 
- 
.3Vee 
V 


Hysteresis of Schmitt trigger inputs 
VHYS 
0.05 Vee 
- 
- 
V 
Note 1 


low level output voltage 
VOL 
- 
- 
.40 
V 
IOL= 3.0 mA, Vee = 1.8V 


Input leakage current 
III 
-10 
- 
10 
j!A 
VIN = .1V to Vee 


Output leakage current 
ILo 
-10 
- 
10 
j!A 
VOUT= .1Vto Vee 


Intemal capacitance 
CINT 
- 
- 
10 
pF 
Vee = S.OV(Note 1) 
(all inputs/outputs) 
Tamb = 2S'C, FeLK= 1 MHz 


Operating current 
Ice WRITE 
- 
- 
3 
mA 
Vee = S.SV, SCl = 400 KHz 
- 
.05 
- 
mA 
Vee = 1.8V, SCl = 100 KHz 
Ice READ 
- 
- 
1 
mA 
Vee = S.SV, SCl = 400 KHz 
- 
0.05 
- 
mA 
Vee = 1,8V, SCl = 100 KHz 


Standby current 
Ices 
- 
- 
100 
j!A 
Vee = S.SV, SOA=SCl=Vee 


- 
- 
30 
j!A 
Vee = 3.0V, SOA=SCl=Vee 
- 
3 
- 
j!A 
Vee= 1.8V, SOA=SCl=Vee 


I 
II 
I 
I 
I 
I- 
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24AA04/08 


STANDARD 
Vcc = 4.S-S.SV 
AC CHARACTERISTICS 
MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 2 


SDA and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 2 


START condition hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP condition setup time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 1 


Bus free time 
TeuF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 2, Ce S 100 pF 
to VILmax 
Ce 


Input filter spike suppression 
Tsp 
N1A 
N1A 
0 
50 
ns 
Note 3 
(SDA and SCL pins) 


Write cycle time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page mode 


Endurance 
- 
100,000 
- 
100,000 
- 
EJW 
1,000,000 typical 
Cycles 


Note 1: 
As a transmitter, the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 2: 
Not 100% tested. 
Ce = total capacitance of one bus line in pF. 


Note 3: 
The combined Tsp and VHYSspec~ications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI spec~ication for standard operation. 


SDA 
N 


SDA 
OUT 
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24AA04/08 


The 24AA04/08 supports a bidirectional two wire bus 
and data transmission 
protocol. 
A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, 
while the 24AA04/08 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


• Data transfer may be initiated only when the bus is not 
busy. 
During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, 
the following 
bus conditions have been 
defined (see Figure 1): 


Bus not Busy eAl 


Both data and clock lines remain HIGH. 


Start Data Transfer eBl 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer eel 


A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 


the data bytes transferred 
between the START and 
STOP conditions is determined by the master device 
and is theoretically 
unlimited, anhough only the last 
sixteen will be stored when doing a write operation. 
When an overwritedoesoccuritwill 
replace data ina first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24AA04I08 
does 
not generate 
any ac- 


knowledge 
bits 
if an internal 
programming 
cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 


setup and hold times must be taken into account. 
A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. 
In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 
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Device Addressing 
and Operation 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code, forthe 24AA04/08 this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(B2, B1, BO). B2 is a don't care for both the 24AA04 and 
24AA08; 
B1 is a don't care for the 24AA04. 
They are 
used by the master device to select which of the two or 
four 256 word blocks of memory are to be accessed. 
These bits are in effect the most significant bits of the 
word address. 


The last bit of the control byte defines the operation to be 
performed. 
When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24AA04/08 monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the R!W bit, the 24AA04/08 will select a read 
or write operation. 


Operation 
Control Code 
BlockSelect 
RIW 


Read 
1010 
BlockAddress 
1 


Write 
1010 
BlockAddress 
0 


START 
/q: 


/I 
I 
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24AA04/08 


Byte Write 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RiW bit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 


ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA04l08. 
After receiving another ac- 
knowledge signal from the 24AA04/08 the master de- 
vice will transmit the data word to be written into the 
addressed memory location. The 24AA04/08 acknowl- 
edges again and the master generates a stop condition. 
This initiates the internal write cycle, and during this time 
the 24AA04/08 will not generate acknowledge signals 
(see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA04/08 in the same way 
as in a byte write. 
But instead of generating a stop 
5 


condition the master transmits up to sixteen data bytes 
to the 24AA04/08 which are temporarily stored inthe on- 
chip page buffer and will be written into the memory after 
the master has transmitted a stop condition. 
After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented 
by one. 
The 
higher order seven bits of the word address remains 
constant. 
If the master should transmit 
more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 
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24AA04/08 


Since the device will not acknowledge 
during a write 


cycle, this can be used to determine when the cycle is 
complete 
(this feature can be used to maximize bus 


throughput). 
Once the stop condition for a write com- 


mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 


sending a start condition followed by the control byte for 
a write command (RlW=O). Ifthedevice 
is still busy with 


the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 
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The 24AA04/08 can be used as a serial ROM when the 
WP pin is connected 
to Vcc. 
Programming 
will be 


inhibited and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24AA04/08 contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R!W bit set to one, the 24AA04/08 
issues an 


acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen- 
erate a stop condition and the 24AA04/08 discontinues 
transmission (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. 
This is done by sending the word address to the 


24AA04/08 as part of a write operation. 
After the word 


address is sent, the master generates a start condition 
following the acknowledge. 
This terminates the write 


operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R!W bit set to a one. The 24AA04/08 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA04/08 
discontinues transmission (see Figure 7). 
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24AA04/08 


Sequential 
Bead 


Sequential reads are initiated in the same way as a 
random read except that after the 24AA04l08 transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. 
This 


directs the 24AA04/08 to transmit the next sequentially 
addressed a bit word (see Figure a). 


To provide sequential reads the 24AA04/08 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise 
Protection 


The 24AA04/0a employs a Vcc threshold detector cir- 
cuit which disables the internal erase/write logic if the 
Vcc is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


SPA Serial 
AddresslData 
Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
tenninal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical10Kn 
for 100KHz, 1Kn for 400 KHz). 


For nonnal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial 
Clock 


This input is used to synchronize the data transfer from 
and to the device. 


This pin must be connected to either Vss or Vcc. 


Illied to Vss, nonnal memory operation is enabled (read! 
write the entire memory). 


II tied to Vcc, WRITE operations are inhibited. 
The 


entire memory will be write-protected. 
Read operations 


are not affected. 


This feature allows the user to use the 24AA04IOa as a 
serial ROM when WP is enabled (tied to Vcc). 


AD. A1. A2 


These pins are not used by the 24AA04/0a. 
They may 


be left floating or tied to either vss or Vcc. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART 
NUMBERS 


24AA04 
-I P 


~ 


PACKAGE: 
P 
PLASTIC 
DIP 
SL 
PLASTIC 
SOIC !150 mil BOdyl' 14-Lead 
SN 
PLASTIC 
SOIC 
150 mil Body, 
8-Lead 
SM 
PLASTIC 
SOIC 
207 mil Body), 8-Lead 
. 
TEMPERATURE 
Blank 
0·Cto+70·C 
I 
RANGE: 


. 
DEVICE: 
24AA04 
1.8V, 4K CMOS Serial EEPROM 
I 
24AA04T 
1.8V, 4K CMOS Serial EEPROM 
(in Tape and Reel Form) 


24AA08 
1.8V, 8K CMOS Serial EEPROM 
24AA08T 
1.8V, 8K CMOS Serial EEPROM 
(in Tape and Reel Form) 
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24LC16B 


8-S0IC Package 
14·S01C Package 


NC 
NC 


AD 
Vcc 


At 
WP 
Vcc 
AO 
Vcc 
NC 
NC 
wp 
A1 
wp 
A2 
SCL 


sel 
A2. 
SCl 
Vss 
SDA 


SDA 
Vss 
SDA 
NC 
NC 


• Single supply with operation down to 2.5V 
• Low power CMOS technology 


1 mA active current typical 


- 
10 1IAstandby current typical at 5.5V 


- 
511A standby current typical at 3.0V 


• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
• Two wire serial interface bus, 12CTMcompatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (2.5V) and 400 KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection> 
4,OOOV 
• 1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 
40 years 
• 8 pin DIP, 8-lead or 14-lead SOIC packages 
• Available for extended temperature ranges 
Commercial: 
O'C 
to + 70'C 
- 
Industrial: 
-4Q'C 
to +85'C 


The Microchip Technology 
Inc. 24LC16B is a 16K bit 
Electrically 
Erasable PROM. The device is organized 
as 8 blocks of 256 x 8 bit memory with a two wire serial 
interface. 
Low voltage 
design 
penn its operation 
down to 2.5 volts with standby and active currents of 
only 511A and 1 mA respectively. 
The 24LC16B also 
has a page-write 
capability for up to 16 bytes of data. 


The 24LC16B 
is available 
in the standard 
8-pin DIP 
and both 8-lead 
and 14-lead surface 
mount 
SOIC 
packages. 


vcc 0-- 


vss 0-- 
• 


Maximum Ratings· 


Vee 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.3V to Vee +1.0V 
Storage temperature 
-6S'C to +1S0'C 
Ambient temp. with power applied 
-6S·C to +12S'C 
Soldering temperature of leads (10 seconds) ..+300'C 
ESD protection on all pins 
~ 4 kV 


'Notice: 
Stresses 
above 
those 
listed 
under 
'Maximum 
ratings' 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


PIN FUNCTION TABLE 


Name 
Function 


Vss 
Ground 


SDA 
Serial AddresslData VO 


SCL 
Serial Clock 


WP 
Write Protect Input 


Vcc 
+2.SV to S.SV Power Supply 


AO,A1,A2 
No Internal 
Connection 


DC CHARACTERISTICS 
Vce = +2.SV to +S.SV 
Commercial 
(C): 
Tamb= 
0'Cto+70'C 
Industrial 
(I) : Tamb = -40'C to +8S'C 


Parameter 
Symbol 
Min 
Max 
Units 
Conditions 


WP, SCL and SDA pins: 
High level input voltage 
VIH 
.7Vee 
- 
V 


Low level input voltage 
VIL 
- 
.3 Vec 
V 


Hysteresis of Schmitt trigger inputs 
VHYS 
0.05 Vec 
- 
V 
Note 1 


Low level output voltage 
VOL 
- 
.40 
V 
IOL= 3.0 mA, Vcc = 2.SV 


Input leakage current 
ILl 
-10 
10 
!LA 
VIN = .1V to Vec 


Output leakage current 
ILO 
-10 
10 
I!A 
VOUT= .1Vto Vee 


Intemal capacitance 
CINT 
- 
10 
pF 
Vee = S.OV (Note 1) 
(all inputs/outputs) 
Tamb = 2S'C, FCLK= 1 MHz 


Operating current 
lecwrite 
- 
3 
mA 
Vec=S.SV 
SCL=400 
KHz 
Ice read 
- 
1 
mA 


Standby current 
lecs 
- 
30 
I!A 
Vec=3.0V 
SDA = SCL = Vce 
- 
100 
!LA 
Vec=S.SV 
SDA = SCL = Vee 


I 
I- 


AC CHARACTERISTICS 
STANDARD 
Vcc = 4.S-S.SV 
MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 2 


SDA and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 2 


START cond~ion hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After this period the first 
clock pulse is generated 


START cond~ion setup time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only relevant for repeated 
START cond~ion 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP cond~ion setup time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 1 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min 
TOF 
- 
250 
20 +0.1 
250 
ns 
Note 2, CB :5100 pF 
to VILmax 
CB 


Input filter spike suppression 
Tsp 
NlA 
N/A 
0 
50 
ns 
Note 3 
(SDA and SCL pins) 


Wme cycle time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page mode 


Endurance 
- 
100,000 
- 
100,000 
- 
EIW 
Cycles 


Note 1: 
As a transm~er, 
the device must provide an internal minimum delay time to bridge the undefined region 


(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP cond~ions. 


Note 2: 
Not 100% tested. 
CB = total capac~ance of one bus line in pF. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schm~t trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI specification for standard operation. 


SCL 


t SU:STA 


The 24LC16B supports a bidirectional two wire bus and 
data transmission protocol. 
A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC16B works 
as slave. 
Both, master and slave can operate as 


transmitteror receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


- Data transfer may be initiated only when the bus is not 


busy. 
- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus nQt Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition olthe SDA line while the clock 
(SCL) is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


StQP Data Transfer (e) 


A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable forthe 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 


the data bytes transferred 
between the START and 


STOP conditions is determined by the master device 
and is theoretically 
unlimited, although only the last 


sixteen will be stored when doing a write operation. 
When an overwrite does occur itwill replace data ina first 
in first out fashion. 


AcknQwledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24LC16B does not generate any acknowl- 


edge bits if an Internal programming 
cycle is 


in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
thatthe SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 


setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC16B) will leave the data line HIGH to enable 
the master to generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 


ACKNOWLEDGE 


VALID 


Device Addressing 
and Operation 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code, for the 24LC16B this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(B2, B1, 60). 
They are used by the master device to 
select which of the eight 256 word blocks of memory are 
to be accessed. 
These bits are in effect the three most 
significant bits of the word address. It should be noted 
that the protocol limits the size of the memory to eight 
blocks of 256 words, therefore the protocol can support 
only one 24LC16B per system. 


The last bit of the control byte defines the operation to be 
performed. 
When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24LC16B monitors the 
SDA bus checking the device type identifier being trans- 
mitted, upon a 1010 code the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the Rfiiii bit, the 24LC16B will select a read or 
write operation. 


Operation 
Control Code 
BlockSelect 
RIW 


Read 
1010 
BlockAddress 
1 


Write 
1010 
BlockAddress 
0 


START 
/'" 
q: 


/// 
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Byte Write 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RlWbit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC16B. 
After receiving another ac- 
knowledge signal from the 24LC16B the master device 
will transmit the data word to be written into the ad- 
dressed memory location. The 24LC16B acknowledges 
again and the master generates a stop condition. 
This 
initiates the intemal write cycle, and during this time the 
24LC16B will not generate acknowledge 
signals (see 
Figure 3). 


PageWrjte 


The write control byte, word address and the first data 
byte are transmitted to the 24LC16B in the same way as 
in a byte write. But instead of generating a stop condition 
the master transmits up to sixteen data bytes to the 
24LC16B which are temporarily stored in the on-ehip 
page buffer and will be written into the memory after the 
master has transmitted 
a stop condition. 
After the 
receipt of each word, the four lower order address 
pointer bits are intemally 
incremented 
by one. 
The 
higher order seven bits of the word address remains 
constant. 
If the master should transmit 
more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an intemal write cycle 
will begin (see Figure 5). 


: : : : : LI : ::::: 
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Since the device will not acknowledge 
during a write 


cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com· 


mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 


sending a start condition followed by the control byte for 
a write command (RIW =0). lithe device is still bUsywith 
the write cycle, then no ACK will be returned. lithe cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 
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The 24LC16B can be used as a serial ROM when the 
WP pin is connected to Vcc. 
Programming 
will be 
inhibited and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24LC16B contains an address counter that main- 
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R!W bit setto one, the 24LC16B issues an acknowl- 
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24LC16B discontinues transmis- 
sion (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC16B as part of a write operation. 
After the word 


address is sent, the master generates a start condition 
follOWing the acknowledge. 
This terminates the write 


operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R!W bit set to a one. 
The 24LC16B will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC16B dis- 
continues transmission (see Figure 7). 
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24LC16B 


Sequential 
Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC16B transmits 
the first data by1e,the master issues an acknowledge as 
opposed to a stop condition in a random read. 
This 
directs the 24LC16B to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24LC16B contains an 
intemal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise 
Protection 


The 24LC16B employs a Vcc threshold detector circuit 
which disables the intemal erase/write logic n the Vcc is 
below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


SDA Serial 
Address/Data 
InDuVOutDut 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. 
It is an open drain 


terminal, therefore the SDA bus requires a pUliup resis- 
torto Vcc (typical10Knfor 
100 KHz, 1Kfl for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial 
Clock 


This input is used to synchronize the data transfer from 
and to the device. 


This pin must be connected to either Vss or Vcc. 


Iftied to Vss, normal memory operation is enabled (read! 
write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. 
The 


entire memory will be write-protected. 
Read operations 


are not affected. 


This feature allows the user to use the 24LC16B as a 
serial ROM when WP is enabled (tied to Vcc). 


AD. Al. 
A2 


These pins are not used by the 24LC16B. They may be 
left floating or tied to either Vss or Vcc. 
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To order 
orto 
obtain 
information, 
e.g., 
on pricing 
or delivery, 
please 
use the listed part numbers, 
and refer to the factory 


or the listed 
sales 
offices. 


PART NUMBERS 


24LC16B 
-/ P 


I 


PACKAGE: 
P 
PLASTIC 
DIP 
SL 
PLASTIC 
SOIC (150 mil Body), 
14-Lead 


SN 
PLASTIC 
SOIC 1150 mil BOdYl' 8-Lead 


SM 
PLASTIC 
SOIC 
207 mil Body, 
8-Lead 


I 
TEMPERATURE 
Blank 
0'Cto+70'C 
RANGE: 
I 
-40'C 
to +85'C 


I 
DEVICE: 
24LC16B 
16K CMOS 
Serial EEPROM 
24LC16BT 
16K CMOS 
Serial 
EEPROM 
(in Tape and Reel Form) 


24C08B/16B 


8K116K 5V E-Temperature Serial EEPROMs 


DIP Package 
8-S0IC Package 
14-S01C Package 


NC 
NC 


AO 
vcc 


AO 
vcc 
AO 
vcc 
A1 
wp 


A1 
wp 
NC 
NC 
A1 
wp 


A2 
SCl 
A2 
SCl 
A2 
SCl 
vss 
SDA 


vss 
SDA 
vss 
SDA 
NC 
NC 


• Single supply with operation from 4.5-5.5V 
• Low power CMOS technology 
- 
1 mA active current typical 
- 
10 IJA standby current typical at 5.5V 
• Organized as 4 or B blocks of 256 bytes (4 x 256 x B) 
or (B x 256 x B) 
• Two wire serial interface bus, 12C compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection> 
4,QOOV 
• lOOK ERASElWRITE cycles (typical) 
• Data retention> 
40 years 
• B pin DIP, B-Iead or 14-lead SOIC packages 
• Available for extended temperature range 
- 
Automotive: 
-40·C 
to +125·C 


The Microchip Technology 
Inc. 24COBB/16B is an BKI 
16K bit Electrically 
Erasable PROM intended for use 
in extended/automotive 
temperature 
ranges. 
The 
device is organized 
as 4 or B blocks of 256 x B bit 
memory with a two wire serial interface. 
The 24COBB/ 
16B also has a page-write capability for up to 16 bytes 
of data. The 24COBB/16B is available in the standard 
B-pin DIP and both B-Iead and 14-lead surface mount 
SOIC packages. 


BLOCK DIAGRAM 


vcc 0-- 


vss 0-- 
•• 


Maximum Ratings* 


Vcc 
7.0V 
All inputs and outputs w.r.t. VSS 
-0.6V to Vcc +1.0V 
Storage temperature 
-6S'C to +lS0'C 
Ambient temp. with power applied 
-6S'C to +12S'C 
Soldering temperature of leads (10 seconds) ..+300'C 
ESD protection on all pins 
~ 4 kV 


'Notice: 
Stresses 
above 
those 
listed 
under 
"Maximum 
ratings' 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
01the device at those or any other oonditions 
above 
those 
indiceted 
in the operational 
listings 
01 this specification 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may a"ect 
device 
reliability. 


PIN FUNCTION 
TABLE 


Name 
Function 


Vss 
Ground 


SDA 
Serial Address/Data I/O 


SCl 
Serial Clock 


WP 
Write Protect Input 


Vcc 
+4.SV to S.SV Power Supply 


AO, A1, A2 
No Internal 
Connection 


DC 
CHARACTERISTICS 
Vcc = +4.SV to +S.SV 
Automotive 
(I): 
Tamb = -40'C to +12S'C 


Parameter 
Symbol 
Mln 
Max 
Units 
Conditions 


WP, SCl and SDA pins: 
High level input voltage 
VIH 
.7Vcc 
- 
V 


low level input voltage 
VIL 
- 
.3Vcc 
V 


Hysteresis of Schmitt trigger inputs 
VHYS 
O.OSVcc 
- 
V 
Note 1 


low level output voltage 
VOL 
- 
.40 
V 
IOL= 3.0 mA, Vcc = 4.SV 


Input leakage current 
III 
-10 
10 
llA 
VIN = .1V to Vcc 


Output leakage current 
ILo 
-10 
10 
llA 
VOUT= .1V to Vcc 


Internal capacitance 
CINT 
- 
10 
pF 
Vee = S.OV(Note 1) 
(all inputs/outputs) 
Tamb = 2S'C, FCLK= 1 MHz 


Operating current 
Iccwrite 
- 
3 
mA 
Vcc=S.SV 
SCl = 400 KHz 
Icc read 
- 
1 
mA 


Standby current 
Iccs 
- 
100 
llA 
Vcc=S.SV 
SDA = SCl = Vcc 


AC CHARACTERISTICS 


Parameter 
Symbol 
Min 
Max 
Units 
Remarks 


Clock frequency 
FCLK 
0 
100 
kHz 


Clock high time 
THIGH 
4000 
- 
ns 


Clock low time 
TLOW 
4700 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
ns 
Note 2 


SDA and SCL fall time 
TF 
- 
300 
ns 
Note 2 


START condition hold time 
THD:STA 
4000 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 
4700 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
ns 


STOP condition setup time 
TSU:STO 
4000 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
ns 
Note 1 


Bus free time 
TeuF 
4700 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min to 
TOF 
- 
250 
ns 
Note 2, Ce S 100 pF 
VIL max 


Input filter spike suppression 
Tsp 
NlA 
N/A 
ns 
Note 3 
(SDA and SCL pins) 


Write cycle time 
TWR 
- 
10 
ms 
Byte or Page mode 


Endurance 
- 
10,000 
- 
EIW 
Cycles 


Note 1: As a transmitter, the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: 
Not 100% tested. 
Ce = total capacitance of one bus line in pF. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI specification. 


SCl 


ISU:STA 


SDA 
OUT 


•• 


The 24C08B116B supports a bidirectional two wire bus 
and data transmission 
protocol. 
A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCl), 
controls the bus access, and generates the 
START and STOP conditions, while the 24C08B116B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


• Data transfer may be initiated only when the bus is not 
busy. 
• During data transfer, the data line must remain stable 


whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, 
the following 
bus conditions 
have been 


defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to lOW transition of the SDA line while the clock 
(SCl) 
is HIGH determines 
a START condition. 
All 


commands must be preceded by a START condition. 


Stop Data Transfer (e) 


A lOW to HIGH transition of the SDA line while the clock 
(SCl) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the lOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 


the data bytes transferred 
between the START and 


STOP conditions is determined by the master device 
and is theoretically 
unlimited, although only the last 


sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24C08B116B does not generate 
any ac- 


knowledge 
bits If an Internal 
programming 


cycle Is In progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable lOW during the HIGH period 
of the acknowledge related clock pulse. 
Of course, 


setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C08B/16B) will leave the data line HIGH to 
enable the master to generate the STOP condition. 


ADDRESS 
DATA AllOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Device 
Addressing 
and Operation 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code, for the 24C08B116B 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the block select 
bits (B2, B1, BO). They are used by the master device 
to select which of the eight 256 word blocks of memory 
are to be accessed. 
These bits are in effect the three 
most significant bits of the word address. 


The last bit of the control byte defines the operation to be 
performed. 
When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24C08B116B monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge si~al 
on the SDA line. Depending on 
the state of the RJW bit, the 24C08B/16B will select a 
read or write operation. 


Operation 
Control Code 
Block Select 
RiW 


Read 
1010 
BlockAddress 
1 


Write 
1010 
BlockAddress 
0 


START 
/'q 
I 
I 
I 


S 
T 
BUS ACTIVITY: 
A 
MASTER 
R 
T 
ffiJlJJJlj 
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24C08B/16B 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RiW bit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24C08B116B. 
After receiving another 
acknowledge signal from the 24C08B/16B the master 
device will transmit the data word to be written into the 
addressed 
memory 
location. 
The 24C08B116B ac- 
knowledges again and the master generates 
a stop 
condition. 
This initiates the intemal write CYCle,and 
during this time the 24C08B116B will not generate ac- 
knowledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C08B/16B in the same way 
as in a byte write. 
But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24C08B/16B which are temporarily stored in the 
on-i:hip page buffer and will be written into the memory 
after the master has transmitted a stop condition. 
After 
the receipt of each word, the four lower order address 
pointer bits are intemally 
incremented 
by one. 
The 
higher order seven bits of the word address remains 
constant. 
If the master should transmit 
more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 


::::: 
LEr 


•• 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 


mand has been issued from the master, the device 
initiates the intemally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves 
the master 


sending a start condition followed by the control byte for 
a write command (RIW = 0). If the device is still busy with 
the write cycle, then no ACK will be retumed. If the cycle 
is complete, then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 


S 
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BUSACTIVITY: 
A 
CONTROL 


MASTER 
R 
BYTE 
T 
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I 


The 24C088/168 can be used as a serial ROM when the 
WP pin is connected 
to Vcc. 
Programming 
will be 


inhibited and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24C08B1168 contains 
an address counter that 


maintains the address of the last word accessed, inter- 
nally incremented 
by one. 
Therefore, if the previous 


access (either a read or write operation) was to address 
n, the next current address read operation would a..cess 
data from address n + 1. 
Upon receipt of the slave 


address with RiW bit set to one, the 24C08B1168 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24C08B1168 discon- 
tinues transmission (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24C08B1168 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. 
This terminates the write 


operation, but not before the intemal address pointer is 
set. Then the master issues the control byte again but 
with the RiW bit set to a one. The 24C088/168 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24C08B1168 
discontinues transmission (see Figure 7). 
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24C088/168 


Sequential 
Read 


Sequential 
reads are initiated in the same way as a 
random read except that after the 24C088/168 trans- 
mits the first data byte, the master issues an acknowl- 
edge as opposed to a stop condition in a random read. 
This directs the 24C08B1168 to transmit the next se- 
quentially addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24C08B1168 contains 
an internal address pointer which is incremented by one 
at the completion 
of each operation. 
This address 
pointer allows the entire memory contents to be serially 
read during one operation. 


Noise Protection 


The 24C088/168 employs a Vcc threshold 
detector 
circuit which disables the internal erase/write logic if the 
vcc 
is below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


A----- 
C 
K 


SDA Serial AddresslData 
Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. 
It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 10KQ). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP 


This pin must be connected to either Vss or Vcc. 


l!tied to Vss, normal memory operation is enabled (read! 
write the entire memory 000-7FF). 


If tied to Vcc, WRITE operations are inhibited. 
The 
entire memory will be write-protected. 
Read operations 
are not affected. 


This feature allows the user to use the 24C08B1168 as 
a serial ROM when WP is enabled (tied to Vcc). 


AQ. A1. A2 


These pins are not used by the 24C088/168. They may 
be left floating or tied to either Vss or Vcc. 


•• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24CXXB -/ 
P 


~ 


PACKAGE: 
P 
PLASTIC DIP 
SL 
PLASTIC SOIC 1150 mil Bodyl' 14-Lead 
SN 
PLASTIC SOIC 150 mil Body, 8-Lead 


I 
TEMPERATURE 
E 
-40"C to +125"C 
RANGE: 


I 
DEVICE: 
24C16B 
16K CMOS Serial EEPROM 
24C16BT 
16K CMOS serial EEPROM (in Tape and Reel Form) 
24C08B 
8K CMOS Serial EEPROM 
24C08BT 
8K CMOS Serial EEPROM (in Tape and Reel Form) 


24AA16 


8-S0IC 
Package 
14-S01C Package 


NC 
NC 


AO 
Va;; 


Al 
WP 
vcc 
AO 
vcc 
NC 
NC 


WP 
Al 
wp 
A2 
SCL 
SCL 
A2 
SCL 
Vss 
SDA 


SOA 
vss 
SOA 
NC 
NC 


• Single supply with operation down to 1.8V 
• Low power CMOS technology 
1 mA active current typical 
- 
10 IJAstandby current typical at 5.5V 
- 
3 IJA standby current typical at 1.8V 
• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
• Two wire serial interface bus, I'ClM compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 
100KHz (1.8V) and 400 KHz (5V) compatibility 
• Self-timed write cycle (inclUding auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection> 
4,OOOV 
• 
1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 
40 years 
• 8 pin DIP, 8-lead or 14-lead SOIC packages 
• Available for extended temperature ranges 
- 
Commercial: 
O·C 
to + 70·C 


The Microchip Technology 
Inc. 24AA16 is a 1.8 volt 
16K bit Electrically 
Erasable 
PROM. 
The device is 
organized as 8 blocks of 256 x 8 bit memory with a two 
wire serial 
interface. 
Low voltage 
design 
permits 
operation 
down to 1.8 volts with standby and active 
currents 
of only 3 I!A and 1 mA, respectively. 
The 
24AA 16 also has a page-write capability 
for up to 16 
bytes of data. 
The 24AA 16 is available 
in the stan- 
dard 8-pin DIP and both 8-lead and 14-lead surface 
mount SOIC packages. 


vcc 0-- 


vss 0-- 
•• 


Maximum Ratings· 


vcc 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.6V to Vcc +1.0V 
Storage temperature 
-6S'C to +1S0'C 
Ambient temp. with power applied 
-6S'C to +12S'C 
Soldering temperature of leads (10 seconds) .. +300·C 
ESD protection on all pins 
~ 4 kV 


'Notice: 
Stresses 
above 
those 
listed 
under 
"Maximum 
ratings' 
may 
cause permanent 
damage to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 
implied. 
Exposure 
to maximum 
rating oondilions 
for extended 
periods 
may affect device 
reliability. 


PIN FUNCTION 
TABLE 


Name 
Function 


Vss 
Ground 


SDA 
Serial Address/Data 
1/0 


SCL 
Serial Clock 


WP 
Write Protect Input 


Vcc 
+1.8V to S.SV Power Supply 


AO, A1,A2 
No Internal 
Connection 


DC 
CHARACTERISTICS 
Vcc = +1.8V to +S.SV 
Commercial 
(C): 
Tamb = 
O'Cto +70'C 


Parameter 
Symbol 
Min 
Typ 
Max 
Units 
Conditions 


WP, SCL and SDA pins: 
High level input voltage 
VIH 
.7Vcc 
- 
V 


Low level input voltage 
VIL 
- 
.3Vcc 
V 


Hysteresis of Schmitt trigger inputs 
VHYS 
O.OSVcc 
- 
V 
Note 1 


Low level output voltage 
VOL 
- 
.40 
V 
IOL= 3.0 mA, Vcc = 1.8V 


Input leakage current 
ILl 
-10 
10 
j!A 
VIN=.1VtoVcc 


Output leakage current 
ILO 
-10 
10 
j!A 
VOUT= .1V to Vcc 


Intemal capacitance 
CINT 
- 
10 
pF 
Vcc = S.OV(Note 1) 
(all inputs/outputs) 
Tamb = 2S'C, FCLK= 1 MHz 


Operating current 
ICCWRITE - 
- 
3 
mA 
Vcc = S.SV, SCL = 400 KHz 
- 
.05 
- 
mA 
Vcc= 1.8V, SCL = 100 KHz 


IccREAD 
- 
- 
1 
mA 
Vcc = S.SV, SCL = 400 KHz 
- 
O.OS 
- 
mA 
Vcc= 
1.8V, SCL = 100 KHz 


Standby current 
Iccs 
- 
- 
100 
j!A 
Vcc = S.SV, SDA=SCL=Vcc 


- 
- 
30 
j!A 
Vcc=3.0V, 
SDA=SCL=Vcc 
- 
3 
- 
j!A 
Vcc= 
1.8V, SDA=SCL=Vcc 


STANDARD 
Vcc = 4.5-5.5V 
, 
!.. 


AC CHARACTERISTICS 
MODE 
FAST MODE 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Units 
Remarks 


Clock frequency 
Feu< 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 2 


SDA and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 2 


START condition hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 
, 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP condition setup time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 1 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 2, CB S 100 pF 
to VILmax 
CB 


Input filter spike suppression 
Tsp 
NlA 
NlA 
0 
50 
ns 
Note 3 
(SDA and SCL pins) 


Write cycle time 
TWR 
- 
10 
- 
10 
ms 
Byte or Page mode 


Endurance 
- 
100,000 
- 
100,000 
- 
EJW 
1,000,000 typical 
Cycles 


Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 2: 
Not 100% tested. 
CB = total capacitance of one bus line in pF. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI specification for standard operation. 


SDA 
OUT 


•• 


The 24AA16 supports a bidirectional two wire bus and 
data transmission protocol. 
A device that sends data 


onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCl), 
controls 
the bus access, and generates the 


START and STOP conditions, while the 24AA 16 works 
as slave. 
Both, master 
and slave can operate as 


transmitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, 
the following 
bus conditions 
have been 


defined (see Figure 1): 


Bus not Busy tAl 


Both data and clock lines remain HIGH. 


Start pata Transfer (6) 


A HIGH to lOW transition of the SDA line while the clock 
(SCl) 
is HIGH determines 
a START condition. 
All 


commands must be preceded by a START condition. 


Stop Data Transfer (C) 


A lOW to HIGH transition ofthe SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the lOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 


the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically 
unlimited, although only the last 


sixteen will be stored when doing a write operation. 
When an overwrite does occur itwill replace data in a first 
in first out fashion. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24AA 16 does not generate any acknowl- 
edge bits if an Internal programming 
cycle is 


in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. 
Of course, 


setup and hold times must be taken into account. 
A 


master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. 
In this case, the slave 


must leave the data line HIGH to enable the master to 
generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Device 
Addressing 
and Operation 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 


consists of a four bit control code, for the 24AA 16 this is 
set as 1010 binary for read and write operations. 
The 


next three bits olthe control byte are the block select bits 
(B2, B1, BO). They are used by the master device to 
select which of the eight 256 word blocks of memory are 
to be accessed. 
These bits are in effect the three most 


significant bits of the word address. It should be noted 
that the protocol limits the size of the memory to eight 
blocks of 256 words, therefore the protocol can support 
only one 24AA 16 per system. 


The last bit of the control byte defines the operation to be 
performed. 
When set to one a read operation is se- 
lected, when set to zero a write operation is selected. 
Following the start condition, the 24AA 16 monitors the 
SDA bus checking the device type identifier being trans- 
mitted, upon a 1010 code the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the RJW bit, the 24AA 16 will select a read or write 
operation. 


Operation 
Control Code 
Block Select 
RIW 


Read 
1010 
BlockAddress 
1 


Write 
1010 
BlockAddress 
0 


START 
/'"q 
I 
II 


S 
T 
BUS ACTIVITY: 
A 
CONTROL 
MASTER 
R 
BYTE 
T 
_ 


24AA16 


Byte Write 


Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RJW bit 
which is a logic low is placed onto the bus by the master 
transmitter. 
This indicates to the addressed slave re- 


ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA 16. After receiving another acknowl- 
edge signal from the 24AA 16 the master device will 
transmit the data word to be written into the addressed 
memory location. 
The 24AA16 acknowledges 
again 


and the master generates a stop condition. This initiates 
the intemal write cycle, and during this time the 24AA 16 
will not generate acknowledge signals (see Figure 3). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA 16 in the same way as 
in a byte write. But instead of generating a stop condition 
the master transmits up to sixteen data bytes to the 
24AA16 which are temporarily 
stored in the on-<:hip 


page buffer and will be written into the memory after the 
master has transmitted 
a stop condition. 
After the 


receipt of each word, the four lower order address 
pointer bits are intemally incremented 
by one. 
The 


higher order seven bits of the word address remains 
constant. 
If the master should transmit 
more than 


sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an intemal write cycle 
will begin (see Figure 5). 
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Since the device will not acknowledge 
during a write 


cycle, this can be used to detennine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 


mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. 
This involves 
the master 


sending a start condition followed by the control byte for 
a write command (RIW = 0). Ifthe device is still busy with 
the write cycle, then no ACK will be retumed. Ifthe cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 
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The 24AA 16 can be used as a serial ROM when the WP 
pin is connected to Vcc. Programming will be inhibited 
and the entire memory will be write-protected. 


Read operations are initiated in the same way as write 
operations with the exception that the RIW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current Address Read 


The 24M 16contains an address counter that maintains 
the address 
of the last word 
accessed, 
internally 


incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RJW bit set to one, the 24M 16 issues an acknowl- 
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24M 16 discontinues transmis- 
sion (see Figure 6). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. To perfonn this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24M 16 as part of a write operation. 
After the word 


address is sent, the master generates a start condition 
following the acknowledge. 
This tenninates the write 


operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RJW bit setto a one. The 24M 16 will then issue 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24M 16 discontinues 
transmission (see Figure 7). 
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24AA16 


Sequential 
Read 


Sequential 
reads are initiated in the same way as a 
random read except that after the 24AA 16 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. 
This 
directs the 24AA16 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 


To provide sequential reads the 24AA16 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Noise Protection 


The 24AA16 employs a Vcc threshold detector circuit 
which disables the internal erase/write logic if the Vcc is 
below 1.5 volts at nominal conditions. 


The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 


SDA $erial AddresslData 
InpuVOutput 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 1OKn for 100KHz, 1Kn for 400 KHz) 
from 24LC04B/08B. 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


This pin must be connected to either Vss or Vcc. 


Iftied to Vss, normal memory operation isenabled (read! 
write the entire memory). 


If tied to Vcc, WRITE operations are inhibited. 
The 
entire memory will be write-protected. 
Read operations 
are not affected. 


This feature allows the user to use the 24AA 16 as a 
serial ROM when WP is enabled (tied to Vcc). 


AQ.A1. A2 


These pins are not used by the 24AA 16. They may be 
left floating or tied to either Vss or Vcc. 
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To order 
or to obtain 
information, 
e.g., on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and refer to the factory 


or the listed 
sales 
offices. 


PART 
NUMBERS 


24AA16 
-/P 


~ 


PACKAGE: 
P 
PLASTIC 
DIP 
SL 
PLASTIC 
SOIC l150 mil Body), 14-Lead 
SN 
PLASTIC 
SOIC 
150 mil Body), 8-Lead 


I 
TEMPERATURE 
Blank 
O'Cto 
+70'C 
RANGE: 


I 
DEVICE: 
24AA16 
1.8 V, 16K CMOS 
Serial EEPROM 
I 
24AA16T 
1.8 V, 16K CMOS Serial EEPROM 
(in Tape and Reel Form) 


24LC164 


• Single supply with operation down to 2.5V 
• Low power CMOS technology 


1 mA active current typical 
5 lJ.Astandby current typical at 3.DV 


• Functional device select lines AD, A1, A2 for up to 


eight devices on the same bus 


• Two wire serial interface bus, ,2Ccompatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (2.5V) and 400 KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write-protect for the entire memory 
• Can be operated as serial ROM 
• ESD protection> 
4,OQOV 


• 
1,000,000 ERASElWRITE cycles (typical) 


• Data retention> 
40 years 


• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 
Commercial: 
O°C to + 
70°C 


Industrial: 
-40°C 
to + 
85°C 


The 
Microchip 
Technology 
Inc. 
24LC164 
is 
a 


cascadable 
16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface. 
Low voltage design 


permits operation down to 2.5 volts with typical standby 
and active currents of only 51!A and 1 mA respective- 
Iy. The 24LC 164 also has a page-write capability for 
up to 16 bytes of data. 
The 24LC164 is available 
in 


the standard 
8-pin 
DIP and 8-lead 
surface 
mount 


SOIC packages. 


The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM . 


va:; 0-- 


vss 0-- 


24LC164 PIN CONFIGURATION 


DIP Package 
8-S01e Package 


AO 
8 
Vcc 
AO 
8 
Vcc 


A1 
2 
7 
WP 
A1 
2 
7 
WP 


A2 
3 
6 
SCL 
A2 
3 
6 
SCL 


Vss 
5 
SDA 
Vss 
5 
SDA 


L%@'/Il@IliJ@@ 
DIliJ~@li'®il@ilO@1liJ 
5-83 


•• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 


24LCl64 
- IP 


~ 


PLASTIC DIP 
PLASTIC SOIC (150 mil Body), a-Lead 


16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (in Tape and Reel form) 


&'@IW@Ilil©® 
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24AA164 


• Single supply with operation down to 1.8V 
• Low power CMOS technology 


1 mA active current typical 
5 j!A standby current typical at 3.0V 
3 j!A standby current typical at 1.8V 


• Functional device select lines AO, A1, A2 for up to 


eight devices on the same bus 


• Two wire serial interface bus, FC compatible 
• Schmitt trigger filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 
100KHz and 400 KHz compatibility 


• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write-protect for the entire memory 
• Can be operated as a serial ROM 
• ESD protection> 
4,OOOV 


• 
1,000,000 ERASElWRITE cycles (typical) 


• Data retention> 
40 years 


• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 


Commercial: 
O°C to + 
70"C 


The 
Microchip 
Technology 
Inc. 
24AA 164 
is a 


cascadable 
16K bit Electrically 
Erasable PROM. The 


device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface. 
Low voltage design 


permits operation down to 1.8 volts with typical standby 
and active currents of only 3 JlA and 1 mA respective- 
ly. The 24AA 164 also has a page-write capability for 
up to 16 bytes of data. 
The 24AA 164 is available in 


the standard 
8-pin 
DIP and 8-lead 
surface 
mount 


SOIC packages. 


The three select pins, AO, A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM . 


va:; 0-- 


vss 0-- 


24AA164 
PIN CONFIGURATION 


DIP Package 
8-S0IC Package 


AO 
Vce 
AO 
Vce 


Al 
WP 
Al 
WP 


A2. 
SCL 
A2. 
SCL 


VSS 
SDA 
Vss 
SDA 
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To order 
or to obtain 
information, 
e.g., 
on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and 
refer to the sales 
offices 
below 
or contact 
corporate 
headquarters 
for the representative 
or distributor 
in your 
area. 


24AAl64 • IP 


~ 


PLASTIC 
DIP 
PLASTIC 
SOIC (150 mil Body), 8·Lead 


16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM 
(in Tape and Reel loon) 
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24LC174 


16K 2.5V CMOS Serial EEPROM with OTP Security Page 


• Single supply with operation down to 2.5V 
• Low power CMOS technology 
1 mA active current typical 
5 I!A standby current typical at 3.0V 
• Functional device select lines AO, A1, A2 for up to 8 
devices on the same bus 


• 
16 byte OTP security page 
• Two wire serial interface bus 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 
100 KHz and 400 KHz compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write-protect for the entire memory 
• Can be operated as a serial ROM 
• ESD protection> 
4,000V 


• 
1,000,000 ERASE/WRITE cycles (typical) 
• Data retention> 40 years 
• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 
Commercial: 
O°C to + 
70°C 
Industrial: 
-40°C 
to + 
85°C 


The 
Microchip 
Technology 
Inc. 
24LC174 
is 
a 
cascadable 
16K bit Electrically 
Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface 
and provides a spe- 
cially addressed, 
OTP (one-time 
programmable) 
16 
byte 
security 
block. 
Low voltage 
design 
permits 
operation 
down to 2.5 volts with typical standby and 
active currents 
of only 5 j!A and 1 mA respectively. 


The 24LC174 also has a page-write 
capability 
for up 
to 16 bytes of data. 
The 24LC174 is available in the 
standard 
8-pin DIP and 8-lead surface mount SOIC 
packages. 


The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 


vcc 0--.. 


vss 0--.. 


24LC174 
PIN CONFIGURATION 


DIP Package 
8-S0IC Package 


AO 
8 
Vcc 
AO 
8 
Vcc 


A1 
7 
WP 
A1 
2 
7 
WP 


A2 
6 
SCL 
A2 
3 
6 
SCL 


Vss 
5 
SDA 
Vss 
4 
5 
SDA 
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To order or to obtain information. e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 


PART NUMBERS 


24LC174 • IP 


~ 


PACKAGE: 
P 
PLASTIC DIP 
SN 
PLASTIC SOIC (150 mil Body), 8-Lead 


I 
TEMPERATURE 
Blank 
0" C to +70" C 
I 
RANGE: 
I 
-40" C to +8S" C 
. 
DEVICE: 
24LC174 
16K CMOS Serial EEPROM 
I 
24LC174T 
16K CMOS Serial EEPROM (in Tape and Reel form) 


~@W~J[1il©@ 
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24AA174 


16K lo8V CMOS Serial EEPROM with OTP Security Page 


vcc 0--- 
vss 0--- 


24AA174 PIN CONFIGURATION 


DIP Package 
8-S0IC Package 


AO 
8 
Vcc 
AO 
8 
Vcc 


Al 
7 
WP 
Al 
2 
7 
WP 


A2 
6 
SCL 
A2 
3 
6 
SCL 


Vss 
5 
SDA 
Vss 
4 
5 
SDA 


o Single supply with operation down to 1.8V 


o Low power CMOS technology 
1 mA active current typical 
5 !JA standby current typical at 3.0V 


o Functional device select lines AO, A 1, A2 for up to 8 
devices on the same bus 


o 
16 byte OTP security page 


o Two wire serial interface bus 


o Schmitt trigger, filtered inputs for noise suppression 


o Output slope control to eliminate ground bounce 


o 
100 KHz and 400 KHz compatibility 


o Self-timed write cycle (including auto-erase) 


o Page-write buffer for up to 16 bytes 


o 2 ms typical write cycle time for page-write 


o Hardware write-protect for the entire memory 


o Can be operated as a serial ROM 


o ESD protection> 
4,OOOV 


o 
1,000,000 ERASElWRITE cycles (typical) 


o 
Data retention> 
40 years 


o 8 pin DIP, 8-lead SOIC packages 


o Available for extended temperature ranges 
Commercial: 
O°C to + 
70°C 


The 
Microchip 
Technology 
Inc. 
24AA 174 
is 
a 
cascadable 
16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface and provides 
16 byte 
security block. Low voltage design permits operation 
down to 1.8 volts with typical 
standby 
and active 
currents 
of only 3 !JA and 1 mA respectively. 
The 
24AA174 also has a page-write capability for up to 16 
bytes 
of data. 
The 24AA174 
is available 
in the 
standard 8-pin DIP and 8-lead surface 
mount SOIC 
packages. 


The three select pins, AO,A1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 
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To order 
or to obtain 
information, 
e.g., on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and 
refer 
to the sales 
offices 
below 
or contact 
corporate 
headquarters 
for the representative 
or distributor 
in your 
area. 


PART NUMBERS 


24AA174 
- IP 


~ 


PACKAGE: 
P 
PLASTIC 
DIP 
SN 
PLASTIC 
SOIC (150 mil Body), B-Lead 


I 
TEMPERATURE 
Blank 
O'Clo 
+70'C 
I 
RANGE: 


DEVICE: 
24AA174 
16K CMOS Serial EEPROM 
I 
24AA174T 
16K CMOS Serial EEPROM 
(in Tape and Reel form) 
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24C32 


• Voltage operating range: 4.5V to 5.5V 


- 
Peak write current 3 mA at 5.5V 


- 
Maximum read current 150 JlA at 5.5V 


- Standby current 5 JlA typical 


• Industry standard two-wire bus protocol, 
12CTMcom- 


patible 
- 
Including 100 KHz and 400 KHz modes 


• Self-timed write cycle (including auto-erase) 
• 
Power on/off data protection circuitry 


• 
Endurance: - 20K EraselWrite 
cycles typical (2aK 
block) 


- 1 million EfW cycles typical (4K block) 


• a byte page, or byte modes available 
• 
1 page x a line input cache (64 bytes) for fast write 
loads 


• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 2 ms typical write cycle time, byte or page 
• 
Factory programming (QTP) available 


• Up to a chips may be connected to the same bus for 


up to 256K bits total memory 


• Electrostatic discharge protection> 
4000V 


• 
Data retention> 
40 years 


• 8-pin PDIP/SOIC packages 
• 
Temperature ranges: 
- Commercial: 
O°Cto +70°C 
- Industrial: 
-40°C to +85°C 


The Microchip Technology Inc. 24C32 is a 4K x a (32K 
bit) Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications or data acquisition. 
The 24C32 features an input cache for fast write loads 
with a capacity of eight a-byte pages, or 64 bytes. It also 
features a fixed 4K-bit block of ultra-high endurance 
memory for data that changes frequently. The 24C32 is 
capable of both random and sequential reads up to the 
32K boundary. Functional address lines allow up to a- 
24C32 devices on the same bus, for up to 256K bits 
address space. 
Advanced CMOS technology makes 
this device ideal for low-power non-volatile code and 
data 
applications. 
The 24C32 is available 
in the 
standard a-pin plastic DIP and a-pin surface mount 
SOIC package. 


vcc 0--- 
vssO--- 
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Maximum Ratings· 


Vee 
7.OV 
All inputs and outputs w.r.t. Vss 
-0.6V to Vee +1.0V 
Storage temperature 
-65°C to +150°C 
Ambient temp. with power applied 
-65°C to +125°C 
Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all pins 
~ 4 kV 


'Notice: 
Stresses 
above 
those 
listed 
under 
"Maximum 
Ratings' 
may 
cause permanent 
damage to the device. 
This is a stress rating only and 


functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 


implied. 
Exposure 
to maximum 
rating oondijions 
for extended 
periods 
may affect device 
reliabilijy. 


Name 
Function 


AO..A2 
User Configurable Chip Selects 
Vss 
Ground 
SDA 
Serial Address/Data 1/0 
SCL 
Serial Clock 
Vcc 
+4.5V to 5.5V Power Supply 
NC 
No Internal Connection 


DC CHARACTERISTICS 
Vee = +4.5V to 5.5V 
Commercial 
(C): 
Tamb= 
O°C to +70°C 
Industrial 
(I): 
Tamb = -40°C to +85°C 


Parameter 
Symbol 
Min. 
Max. 
Units 
Conditions 


AO, A1, A2, SCL and SDA pins: 


High level input voltage 
VIH 
.7Vee 
- 
V 
Low level input voltage 
VIL 
- 
.3 Vee 
V 


Hysteresis of Schmitt Trigger 
VHYS 
.05 Vee 
- 
V 
Note 1 


inputs 


Low level output voltage 
VOL 
- 
.40 
V 
IOL- 3.0mA 
Input leakage current 
III 
-10 
10 
IIA 
VIN - .IV to Vee 
Output leakage current 
ILO 
-10 
10 
uA 
VOUT- .W to Vee 
Internal capacitance 
CINT 
- 
10 
pF 
Vee = 5.0V (Note 1) 


(all inputs/outputs) 
Tamb = 25°C, Fclk = 1 MHz 


Operating current 
Ice Write 
- 
3 
mA 
Vee = 5.5V, SCL = 400 KHz 


Ice Read 
- 
150 
/lA 
Vee = 5.5V, SCL = 400 KHz 


Standby current 
Ices 
- 
50 
/lA 
Vee = 5.5V, SCL = SDA = Vee 


AC CHARACTERISTICS 
Vcc = 4.5-5.5V 
Vcc = 4.5-5.5V 
STD. MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock 
frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock 
high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock 
low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA 
and SCl 
rise time 
TR 
- 
1000 
- 
300 
ns 
Note 
1 


SDA and SCl 
fall time 
TF 
- 
300 
- 
300 
ns 
Note 
1 


START 
condition 
hold time 
THD:STA 
4000 
- 
600 
- 
After 
this period 
the first 
ns 
clock 
pulse 
is generated 


START 
condition 
setup 
time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only 
relevant 
for repeated 


START 
condition 


Data 
input 
hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data 
input 
setup 
time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP 
condition 
setup 
time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output 
valid 
from 
clock 
TAA 
- 
3500 
- 
900 
ns 
Note 
2 


Bus free time 
TauF 
4700 
- 
1300 
- 
ns 
Time 
the bus must 
be free 
before 
a new transmission 
can start 


Output 
fall time from 
VIH min 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 
1, Ca ~ 100 pF 
to VIL max 
Ca 


Input filter 
spike 
suppression 
Tsp 
NlA 
NlA 
0 
50 
ns 
Note 
3 
(SDA 
and SCl 
pins) 


Write 
cycle 
time 
TWR 
- 
5 
- 
5 
mslpage 
Note 
4 


Note 1: 
Not 100 percent tested. 
CB = total capacitance 
of one bus line in pF. 


Note 2: 
As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) 
of the falling edge of SCl 
to avoid unintended 
generation of START or STOP conditions. 
Note 3: 
The combined TSP and VHYS specifications 
are due to new SChmitt trigger inputs which provide improved noise and spike 
suppression. 
This eliminates the need for a TI specification 
for standard operation. 
Note 4: 
The times shown are for a single page of 8 bytes. 
Multiply by the number of pages loaded into the write cache for total time. 


SCl 


tSU:STA 


SDA 
OUT 
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The 24C32 supports a bidirectional two-wire bus and 
data transmission protocol. 
A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCl), 
controls 
the bus access, and generates the 
START and STOP conditions, while the 24C32 works as 
slave. Both master and slave can operate as transmitter 
or receiver but the master device determines 
which 
mode is activated. 


The following bus protocol 
has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. 
- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, 
the following 
bus conditions 
have been 
defined (see Figure 3). 


Bus not Busy (Al 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to lOW transition of the SDA line while the clock 
(SCL) is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


A lOW to HIGH transition olthe SDA line while the clock 
(SCl) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the lOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 
the data bytes transferred 
between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 


Note: 
The 24C32 does not generate 
any acknowl- 
edge bits if an Internal programming 
cycle is 
In progress. 


A device that acknowledges 
must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable lOW during the HIGH period 
of the acknowledge related clock pulse. 
Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C32) will leave the data line HIGH to enable the 
master to generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Device Addressing 
and Operation (Figure 4Al 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code; for the 24C32 this is 
set as 1010 binary for read and write operations; 
The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (RJW) 
defines the operation to be performed. 
When set to a 
one a read operation is selected, and when set to a zero 
a write operation 
is selected. 
The next two bytes 
received define the address of the first data byte (see 
Figure 4B). Because only A11..AOare used, the upper 
four address bits must be zeros. The most significant bit 
of the most significant byte of the address is transferred 
first. Following the start condition, the 24C32 monitors 
the SDA bus checking the device type identifier being 
transmitted. 
Upon receiving a 1010 code and appropri- 
ate device 
select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the RJW bit, the 24C32 will select a read or write 
operation. 


Control 
Byte 


~I -_~I\~---~I 


~O~O~ 
I'LJ'~ 
I 
I l---.J 


Slave 
Device 
Address 
Select 
Bits 


Operation 
Control 
Code 
Device Select 
RIW 


Read 
1010 
DeviceAddress 
1 


Write 
1010 
DeviceAddress 
0 


START 
/ 


Address 
Byte 1 
-I-_~I\~---I 
I" I" I" I" rAIATAlAl 
~ 


Address 
Byte 0 
-I--_~I\~---I 
rAT:T:T:T:T:DAl 
~ 
•• 


Split Endurance 


The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 1million EIW cycles typical. The remainder of 
the array, 28K bits, is rated at 20K EIW cycles typical. 
This feature is helpful in applications in which some data 
change frequently, while a majority of the data change 
infrequently. 
One example would be a cellular tele- 
phone in which last-number redial and microcontroller 
scratch pad require a high-endurance block, while speed 
dials and lookup tables change infrequently 
and so 
require only a standard endurance rating. 


Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
R!W bit which is a logic low are clocked onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will follow 
after it has generated an acknowledge 
bit during the 
ninth clock cycle. Therefore the next byte transmitted by 
the master isthe high-order byte of the word address and 
will be written into the address pointer of the 24C32. The 
next byte is the least significant address byte. 
After 
receiving another acknowledge signal from the 24C32 
the master device will transmit the data word to be 
written into the addressed memory location. The 24C32 


Bus Activity: 
Master 


S 
t 
a 
Control 
r 
Byte 
t,--A---, 


acknowledges again and the master generates a stop 
condition. 
This initiates the intemal write cycle, and 
during this time the 24C32 will not generate acknowl- 
edge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C32 in the same way as in 
a byte write. But instead of generating a stop condition, 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-<:hip page cache of the 24C32. They will be 
written from cache into the EEPROM array after the 
master has transmitted 
a stop condition. 
After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. 
If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition 
is not received, 
the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received 
will overwrite 
previously 
cap- 
tured data. The stop condition can be sent at any time 
during the transfer. 
As with the byte write operation, 


once a stop condition 
is received, 
an internal write 
cycle will begin. The 64-byte cache will continue to 
capture 
data until 
a stop condition 
occurs 
or the 
operation 
is aborted (see Figure 6). 


S 
t 
S 


Bus Activity: 
a 
Control 
Word 
Word 
t 
Master 
r 
Byte 
Address (1) 
Address (0) 
Data n 
Data n + 15 
0 
t,--A-----, 
,----JL-, 
,----JL-, 
,----JL-, 
,----JL-, 
p 


SDALine 
~::::::: 
u::::::: 
IJ)~::::: LD 


Bus Activity 
A 
A 
A 
A 
A 
C 
C 
C 
C 
C 
KKK 
K 
K 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the intemallytimed 
write cycle. ACK polling can 


be initiated 
immediately. 
This involves the master 


sending a start condition followed by the control byte for 
a write command (RIW = 0). Ifthe device is still bUsywith 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 7 for flow diagram. 


S 
t 


Bus Activity: 
a 
Control 


Master 
r 
Byte 


t~ 


Read operations are initiated in the same way as write 
operations with the exception that the R!W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current 
Address 
Read 


The 24C32 contains an address counter that maintains 
the address 
of the last word 
accessed, 
internally 


incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read opera- 
tion would access data from address n + 1. Upon receipt 
of the slave address with RIW bit set to one, the 24C32 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24C32 discon- 
tinues transmission (see Figure 8). 


Random 
Read 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24C32 as part of a write operation (RIW bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. 
This termi- 


nates the write operation, but not before the internal 
address pointer is set. 
Then the master issues the 


control byte again but with the R!W bit set to a one. The 
24C32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition which causes 
the 24C32 to discontinue transmission (see Figure 9). 


SDA Line 


Bus Activity 


•• 


24C32 


Contiguous Addressing Across Multiple 
Devices 


The device select bits A2, A 1,AOcan be used to expand 
the contiguous address space for up to 256K bits by 
adding up to eight 24C32's on the same bus. 
In this 


case, software can use AOof the control byte as address 
bit A12, A1 as address bit A13, and A2 as address bit 
A14. 


Sequential Read 


Sequential reads are initiated in the same way as a 
random read except that aiter the 24C32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C32 to transmit the next 
sequentially addressed 8 bit word. 
(See Figure 10). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge 
but will 


generate a stop condition. 


To provide sequential reads the 24C32 contains an 
intemal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 
The address pointer, however, 


will not roll over from address 07FF to addressסס OO. It 
will roll from 07FF to unused memory space. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to ensure proper device opera- 
tion even on a noisy bus. 
All VO lines incorporate 


Schmitt triggers for 400 KHz (Fast Mode) compatibility. 
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t 
t 
S 


Bus Activity: 
a 
Control 
Word 
Word 
a 
Control 
t 
Master 
r 
Byte 
Address (1) 
Address 
(0) 
r 
Byte 
Data n 
0 


t,---'\---, 
~ 
~ 
~ 
~ 
p 


SDALine 
~I::::::: 
LD1JllIIlJ::::::: 
11J 


A 
A 
A 
A 
N 


C 
C 
C 
C 
0 


KKK 
K 


Bus Activity: 
Master 


SDA Line 


Bus Activity 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
o and existing bytes in the cache will be overwritten. 


Cache 
Write Starting 
at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2.,A 1 and AOare zero), then all data loaded into the 
cache will be written to the array in sequential 
ad- 


dresses. 
This includes 
writing 
across 
a 4K block 


boundary. 
In the example shown below, (see Figure 11) 


a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining 
pages in the cache written to sequential 


pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache 
Write Starting 
at a Non-Page 


Boundary 


When a write command is initiated that does not begin 
at a page boundary (I.e., address bits A2.,A1 and AOare 
not all zero), it is importantto note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. 
When a write command begins, the first 


byte loaded into the cache is always loaded into page O. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2, A1, AO)that were sent as part of the write 
command. 
If the write command does not start at byte 


o of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. 
If more 


than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. 
In the example 


shown below (see Figure 12), a write command has 


been initiated starting at byte 2 of page 3 in the array with 
a fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the cache 
will 'roll over' and be loaded into the first two bytes of page 
o (of the cache). When the stop bit is sent, page 0 of the 
cache is written to page 3 of the array. 
The remaining 


pages in the cache are then loaded sequentially to the 
array. 
A write cycle is executed after each page is 


written. 
If a partially loaded page in the cache remains 


when the STOP bit is sent, only the bytes that have been 
loaded will be written to the array. 


power 
Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a 
stop bit is received and all internal functions are com- 
plete. This includes any error conditions, ie. not receiv- 
ing an acknowledge or stop condition per the two-wire 
bus specification. The device 
also incorporates Voo 


monitor circuitry to prevent inadvertent 
writes (data 
corruption) 
during low-voltage 
conditions. 
The Voo 


monitor circuitry is powered off when the device is in 
standby mode in order to further reduce power con- 
sumption. 


AO, A 1, A2 Chip Address 
Inputs 


The AO..A2. inputs are used by the 24C32 for multiple 
device operation and conform to the two-wire bus stan- 
dard. 
The levels applied to these pins define the 


address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2.,A1, AO)in the control byte (see 
Figure 48). 


SDA Serial AddresslData 
Input/Qutput 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 1OKn for 100KHz, 1Kn for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial 
Clock 


This input is used to synchronize the data transfer from 
and to the device. 


•• 


CD Write command 
initiated 
at byte 0 of page 3 in the array; 
First data byte is loaded 
into the cache byte O. 


last 
2 byles 
loaded into 
page 0 of cache. 


CD Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page O. 
® last 2 byles loaded 'roll ove( 
to beginning. 


@ Write from cache into array initiated by STOP bit. 


Page 0 of cache written to page 3 of array. 
® Remaining bytes in cache are 


Write cycle is executed alter every page is written. 
written sequentially 
to array. 
"-... 


~6Wt 
array 
row 
n+l 
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To order 
or to obtain 
information, 
e.g., on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and refer to the factory 


or the listed 
sales 
offices. 


Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature 
Blank 
Range: 
I 
O°C to +70°C 


-4Q°C to +85°C 


24C32 
24C32T 
32K CMOS Serial EEPROM 
(100 KHzl400 
KHz) 
32K CMOS Serial EEPROM 
(in Tape and Reel Form) 


24LC32 


• Voltage operating range: 2.5V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 l1A at 6.0V 
- Standby current 5 l1A typical 
• Industry standard two-wire bus protocol, l2ClM com- 
patible 
- Including 100KHz (2.5V) and 400 KHz (5V) modes 
• Self-timed ERASE and WRITE cycles 
• Power on/off data protection circuitry 
• Endurance: - 20K EraselWrite 
cycles typical 
(2aK 
block) 
- 1 million EIW cycles typical (4K block) 
• a byte page, or byte modes available 
• 
1 page x a line input cache (64 bytes) for fast write 
loads 
• SChmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 2 ms typical write cycle time, byte or page 
• Factory programming (QTP) available 
• Up to a devices may be connected to the same bus for 
up to 256K bits total memory 
• Electrostatic discharge protection> 
4000V 
• Data retention> 
40 years 
• a-pin PDIP/SOIC packages 
• 
Temperature ranges: 
- Commercial: 
O°Cto +70°C 
- Industrial: 
-40°C to +a5°C 


The Microchip Technology Inc. 24LC32 is a 4K x a (32K 
bit) Serial Electrically Erasable PROM capable of opera- 
tion across a broad voltage range (2.5V to 6.0V). This 
device has been developed for advanced, low power 
applications such as personal communications or data 
acquisition. The 24LC32 features an input cache for fast 
write loads with a capacity of eight a-byte pages, or 64 
bytes. It also features a fixed 4K-bit block of ultra-high 
endurance memory for data that changes frequently. 
The 24LC32 is capable of both random and sequential 
reads up to the 32K boundary. Functional address lines 
allow up to a - 24LC32 devices on the same bus, for up 
to 256K bits address space. Advanced CMOS technol- 
ogy and broad voltage range make this device ideal for 
10w-powerl1owvoltage, nonvolatile code and data appli- 
cations. 
The 24LC32 is available in the standard a-pin 
plastic DIP and a-pin surface mount SOIC package. •• 


Maximum Ratings· 


Vee 
7.0V 
All inputs and outputs w.r.t. Vss 
-o.6V to Vee +1.0V 
Storage temperature 
-65°C to+150°C 
Ambient temp. with power applied 
-65°C to +125°C 
Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all pins 
~ 4 kV 


"Notice: 
Stresses 
above 
those 
listed 
under 
"Maximum 
Ratings" 
may 
cause permanent 
damage to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
those 
indiceted 
in the operational 
listings 
of this speclficetion 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


Name 
Function 


AO..A2 
User Configurable Chip Selects 
Vss 
Ground 
SDA 
Serial Address/Data I/O 
SCL 
Serial Clock 
Vcc 
+2.5V to 6.0V Power Supply 
NC 
No Internal 
Connection 


DC CHARACTERISTICS 
Vee = +2.5V to 6.0V 
Commercial 
(C): 
Tamb = 
O°Cto +70°C 
Industrial 
(I): 
Tamb = -40°C to +85°C 


Parameter 
Symbol 
Min. 
Max. 
Units 
Conditions 


AO, A1, A2, SCL and SDA pins: 


High level input voltage 
VIH 
.7Vee 
- 
V 


Low level input voltage 
VIL 
- 
.3Vee 
V 


Hysteresis of Schmitt Trigger 
VHYS 
.05 Vee 
- 
V 
Note 1 
inputs 


Low level output voltage 
VOL 
- 
.40 
V 
IOL=3.0 
mA 
Input leakage current 
III 
-10 
10 
uA 
VIN=.1VtoVee 


Output leakage current 
ILO 
-10 
10 
uA 
VOUT= .1V to Vee 


Internal capacitance 
CINT 
- 
10 
pF 
Vee = 5.0V (Note 1) 
(all inputs/outputs) 
Tamb = 25°C, Fclk = 1 MHz 
Operating current 
Ice Write 
- 
3 
mA 
Vee = 6.0V, SCL = 400 KHz 


Ice Read 
- 
150 
J.lA 
Vee = 6.0V, SCL = 400 KHz 


Standby current 
Ices 
- 
50 
J.lA 
Vee = 6.0V, SCL = SDA = Vee 


AC CHARACTERISTICS 
Vcc = 2.5V-6.0V 
Vcc = 4.5V-6.0V 
STD. MODE 
FAST MODE 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Units 
Remarks 


Clock 
frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock 
high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock 
low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA 
and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 
1 


SDA 
and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 
1 


START 
condition 
hold time 
THD:STA 
4000 
- 
600 
- 
ns 
After 
this 
period 
the first 


clock 
pulse 
is generated 


START 
condition 
setup 
time 
TSU:STA 
4700 
- 
600 
- 
ns 
Only 
relevant 
for repeated 
START 
condition 


Data 
input hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data 
input setup 
time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP 
condition 
setup 
time 
TSU:STO 
4000 
- 
600 
- 
ns 


Output 
valid from 
clock 
TAA 
- 
3500 
- 
900 
ns 
Note 
2 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time 
the bus must 
be free 
before 
a new transmission 
can start 


Output 
fall time from 
VIH min 
TOF 
- 
250 
20 +<J.1 
250 
ns 
Note 
1, CB os; 100 pF 
to VIL max 
CB 


Input 
filter spike 
suppression 
Tsp 
NlA 
NlA 
0 
50 
ns 
Note 
3 
(SDA 
and SCL pins) 


Write 
cycle 
time 
TWR 
- 
5 
- 
5 
mslpage 
Note 
4 


Note 1: 
Not 100 percent tested. 
CB = total capacitance 
of one bus line in pF. 
Note 2: 
As a transmitter, 
the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) 
of the falling edge of SCL to avoid unintended 
generation 
of START or STOP conditions. 
Note 3: 
The combined TSP and VHYS specifications 
are due to new Schmitt trigger inputs which provide improved noise and spike 
suppression. 
This eliminates the need for a TI specification 
for standard operation. 


Note 4: 
The times shown are for a single page of 8 bytes. 
Multiply by the number of pages loaded into the write cache for total time. 


•• 


The 24lC32 
supports a bidirectional two-wire bus and 
data transmission protocol. 
A device that sends data 
onto the bus is defined as transmitter, 
and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCl), 
controls the bus access, and generates the 
START and STOP conditions, while the 24lC32 
works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, 
the following bus conditions 
have been 
defined (See Figure 3). 


Bus not Busy (A) 


Start Data Transfer (B) 


A HIGH to lOW transition of the SDA line while the clock 
(SCl) 
is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


A lOW to HIGH transition olthe SDA line while the clock 
(SCl) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the lOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred 
between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 


Note: The 24lC32 
does not generate any acknowl- 
edge bits If an Internal programming 
cycle Is 
In progress. 


A device that acknowledges 
must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable lOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC32) will leave the data line HIGH to enable 
the master to generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Device Addressing 
and Operation (Figure 4A) 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code; for the 24LC32 this is 
set as 1010 binary for read and write operations. 
The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When setto a one a read 
operation is selected, and when set to a zero a write 
operation 
is selected. 
The next two bytes received 
define the address of the first data byte (see Figure 4B). 
Because only A 11...AOare used, the upper four address 
bits must be zeros. The most significant bit of the most 
significant byte of the address is transferred first. Fol- 
lowing the start condition, the 24LC32 monitors the SDA 
bus checking the device type identifier being transmit- 
ted. Upon receiving a 1010 code and appropriate device 
select bits, the slave device outputs an acknowledge 
signal on the SDA line. Depending on the state of the 
RJW bit, the 24LC32 will select a read or write operation. 


Control Byte 
-I---1\----1 
~or;lo~ 
I'LJ'~ 
1 
Il---J 


Slave 
Device 
Address 
Select 
Bits 


Operation 
Control 
Code 
Device Select 
RJW 


Read 
1010 
DeviceAddress 
1 


Write 
1010 
DeviceAddress 
0 


START" 


Address Byte 1 


1 
1\ 
1 
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Address Byte 0 
1\ 
-I---- 
-----1 
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Split Endurance 


The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 1 million EJWcycles typical. The remainder of 
the array, 28K bits, is rated at 20K EJW cycles typical. 
This feature is helpful in applications in which some data 
change frequently, while a majority of the data change 
infrequently. 
One example would be a cellular tele- 
phone in which last-number redial and microcontroller 
scratch pad require a high-endurance block, while speed 
dials and lookup tables change 
infrequently and so 
require only a standard endurance rating. 


Byte Write 


Following the start condition from the master, the control 
~ 
(four bits), the device select (three bits), and the 
R!'N bit which is a logic low are clocked onto the bus by 
the master transmitter. 
This indicates to the addressed 
slave receiver that a byte with a word address will follow 
after it has generated an acknowledge 
bit during the 
ninth clock cycle. Therefore the next byte transmitted by 
the master isthe high-order byte of the word address and 
will be written into the address pointer of the 24LC32. 
The next byte is the least significant address byte. After 
receiving another acknowledge signal from the 24LC32 
the master device will transmit the data word to be 
written into the addressed memory location. The 24LC32 


Bus Activity: 
Master 
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t 
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acknowledges again and the master generates a stop 
condition. 
This initiates the internal write cycle, and 
dUring this time the 24LC32 will not generate acknowl- 
edge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC32 in the same way as 
in a byte write. But instead of generating a stop condi- 
tion, the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-ehip page cache of the 24LC32. They will be 
written from cache into the EEPROM array after the 
master has transmitted 
a stop condition. 
After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. 
If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition 
is not received, 
the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further 
data received 
will overwrite 
previously 
cap- 
tured data. The stop condition can be sent at any time 
during the transfer. 
As with the byte write operation, 
once a stop condition 
is received, 
an internal write 
cycle will begin. The 64-byte cache will continue 
to 
capture 
data 
until a stop condition 
occurs 
or the 
operation 
is aborted (see Figure 6). 
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Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 


mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 


sending a start condition followed by the control byte for 
a write command (RIW =0). Ifthe device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 7 for flow diagram. 


Read operations are initiated in the same V1EY as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 


Current 
Address 
Read 


The 24LC32 contains an address counterthat maintains 
the address 
of the last word 
accessed, 
internally 


incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read opera- 
tion would access data from.i!ddress n + 1. Upon receipt 
of the slave address with R/W bit set to one, the 24LC32 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC32 discon- 
tinues transmission (see Figure 8). 


Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the wordJ!.ddress to the 
24LC32 as part of a write operation (R/W bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. 
This termi- 


nates the write operation, but not before the intemal 
address pointer is set. 
Then!!le 
master issues the 


control byte again but with the R/W bit set to a one. The 
24LC32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition which causes 
the 24LC32 to discontinue transmission (see Figure 9). 
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Contiguous Addressing Across Multiple 
Devices 


The device select bits A2.,A1,AOcan be used to expand 
the contiguous address space for up to 256K bits by 
adding up to eight 24LC32's on the same bus. 
In this 
case, software can use AOof the control byte as address 
bit A 12, A1 as address bit A 13, and A2.as address bit 
A14. 


sequential Read 


Sequential reads are initiated in the same way as a 
random read except that after the 24LC32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC32 to transmit the 
next sequentially addressed 8 bit word (see Figure 10). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge 
but will 
generate a stop condition. 


S 
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Bus Activity: 
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Master 


Bus Activity: 
Master 


SDA Line 


Bus Activity 


To provide sequential reads the 24LC32 contains an 
intemal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 
The address pointer, however, 


will not roll over from address 07FF to addressסס OO. It 
will roll from 07FF to unused memory space. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to ensure proper device opera- 
tion even on a noisy bus. 
All 1/0 lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibility. 
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The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually 
begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the intemal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
o and existing bytes in the cache will be overwritten. 


Cache 
Write Starting 
at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2.,A 1and AOare zero), then all data loaded into the 
cache will be written to the array in sequential 
ad- 
dresses. 
This includes 
writing 
across 
a 4K block 
boundary. Inthe example shown below, (see Figure 11) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache 
Write Starting 
at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (Le., address bits A2.,A1 and AOare 
not all zero), itis importantto note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. 
When a write command begins, the first 
byte loaded into the cache is always loaded into page O. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2.,A 1, AO)that were sent as part of the write 
command. 
If the write command does not start at byte 
o of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. 
If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. 
In the example 


shown below (see Figure 12), a write command has 
been initiated starting at byte 2 of page 3 inthe array with 
a fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the cache 
will 'roll over' and be loaded into the first two bytes of page 
o (of the cache). When the stop bit is sent, page 0 of the 
cache is written to page 3 of the array. The remaining 
pages in the cache are then loaded sequentially to the 
array. 
A write cycle is executed after each page is 
written. 
If a partially loaded page in the cache remains 
when the STOP bit is sent, only the bytes that have been 
loaded will be written to the array. 


Power 
Management 


This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the normal termination of any operation when a stop 
bit is received and all intemal functions are complete. 
This includes any error conditions, ie. not receiving an 
acknowledge 
or stop condition per the two-wire 
bus 
specification. The device also incorporates Voo monitor 
circuitry to prevent inadvertent writes (data corruption) 
during low-voltage conditions. The Voo monitor circuitry 
is powered off when the device is in standby mode in 
order to further reduce power consumption. 


AO, A 1, A2 Chip Address 
Inputs 


The AO..A2.inputs are used by the 24LC32 for mUltiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. 
A 
particular device is selected by transmitting the corre- 
spondingbits(A2.,A1,AO)inthe controlbyte(seeFigure48). 


SDA serial 
AddresslData 
InputlOutput 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resistor 
to Vcc (typical 10KQ for 100KHz, 
1KQ for 400 KHz) 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial 
Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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<D Write command 
initiated 
at byte 0 of page 3 in the array; 
First data byte is loaded 
into the cache byte O. 


r-:t 
cache page 0 


Last 2 bytes 
loaded into 
page 0 01 cache. 


<D Write command initiated; 64 bytes 01 data 
loaded into cache starting at byte 2 01 page O. 
, 
® Last 2 bytes loaded 'roll ove~ 
to beginning. 


@) Write Irom cache into array initiated by STOP bit. 


Page 0 01 cache written to page 3 01 array. 
® Remaining bytes in cache are 
Write cycle is executed alter every page is written. 
written sequentially 
to array. 
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To order 
or to obtain 
information, 
e.g., on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and refer to the factory 


or the listed 
sales 
offices. 


24LC32 
- 
IP~~- 
Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature 
Blank 
Range: 
I 


DOC to +7DOC 


-4Q°C to +85°C 


24LC32 
24LC32T 
32K CMOS Serial EEPROM 
(100 KHzl400 
KHz) 


32K CMOS Serial EEPROM 
(in Tape and Reel Fonn) 


24C65 


• Voltage operating range: 4.5V to 5.5V 
- 
Peak write current 3 mA at 5.5V 
- 
Maximum read current 150 J.1A at 5.5V 
- Standby current 5 J.1A typical 
• 
Industry standard two wire bus protocol, 12ClM com- 
patible 
- 
Including 400 KHz Mode 
• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 
1 million EIW for a 4K block (typical) 
10,000 EIW for a 60K block (typical) 
• a byte page, or byte modes available 
• 
1 page x a line input cache for fast write loads 
• 
Electrostatic discharge protection> 
4000V 
• 
Data retention> 
40 years 
• a-pin PDIP/SOIC packages 
• 
Temperature ranges: 
- Commercial: 
O°Cto +70°C 
- 
Industrial: 
-40°C to +85°C 
• 2 ms typical write cycle time, byte or page 
• Up to a devices may be connected to the same bus for 
up to 512K bits total memory 


PDIP Package 
:~OI ::: 
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I'C is a trademarkof PhilipsCorporation 
SmartSerialis a trademarkof MicrochipTechnologyInc. 


The Microchip Technology Inc. 24C65 is a 'smart' aK x 
8 Serial Electrically Erasable PROM (EEPROM). 
This 
device has been developed for advanced, low power 
applications 
such as personal communications, 
and 
provides the systems designer with flexibility through the 
use of many new user-programmable 
features. 
The 
24C65 offers a relocatable 4K bit block of ultra-high- 
endurance memory 
for data that changes frequently. 


The remainder of the array, or 60K bits, is rated at 10,000 
ERASE/WRITE (E/W) cycles typical. 
The 24C65 fea- 
tures an input cache for fast write loads with a capacity 
of eight pages, or 64 bytes. 
This device also features 
programmable 
security options for EIW protection of 
critical data and/or code of up to fifteen 4K blocks. 
Functional address lines allow the connection of up to 
eight 24C65's on the same bus for up to 512K bits 
contiguous EEPROM memory. Advanced CMOS tech- 
nology makes this device ideal for low-power nonvolatile 
code and data applications. 
The 24C65 is available in 
the standard a-pin plastic DIP and a-pin surface mount 
SOIC package. 
• 


Maximum Ratings· 


Vee 
7.OV 
All inputs and outputs w.r.t. Vss 
-0.6V to Vee +1.0V 
Storage temperature 
-65°C to+ 150°C 
Ambient temp. with power applied 
-65°C to +125°C 
Soldering temperature of leads (10 seconds). 
+300°C 
ESD protection on all pins 
~ 4 kV 


·Notice: 
Stresses 
above 
those 
listed 
under 
"Maximum 
Ratings· 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specijication 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


PIN FUNCTION TABLE 


Name 
Function 


AO..A2 
User Configurable Chip Selects 
Vss 
Ground 
SDA 
Serial Address/Data 1/0 
SCL 
Serial Clock 
Vcc 
+4.5V to 5.5V Power Supply 
NC 
No Internal Connection 


DC CHARACTERISTICS 
Vee = +4.5V to 5.5V 
Commercial 
(C): 
Tamb = 
O°C to +70°C 
Industrial 
(I): 
Tamb = -40°C to +85°C 


Parameter 
Symbol 
Min. 
Max. 
Units 
Conditions 


AO, A1, A2, SCL and SDA pins: 


High level input voltage 
VIH 
.7Vcc 
- 
V 


Low level input voltage 
VIL 
- 
.3Vcc 
V 


Hysteresis of Schmitt 
Trigger 
VHYS 
.05 Vce 
- 
V 
Note 1 
inputs 
Low level output voltage 
VOL 
- 
.40 
V 
IOL=3.0 
mA 
Input leakage current 
III 
-10 
10 
J-lA 
VIN=.1VtoVec 
Output leakage current 
ILO 
-10 
10 
uA 
VOUT= .1V to Vec 
Intemal capacitance 
CINT 
- 
10 
pF 
Vcc= 5.0V (Note 1) 


(all inputs/outputs) 
Tamb = 25°C, Fclk = 1 MHz 


Operating current 
lecWrite 
- 
3 
mA 
Vec=5.5V, 
SCL = 400 KHz 


IccRead 
- 
150 
J.lA 
Vcc= 5.5V, SCL = 400 KHz 


Standby current 
Ices 
- 
50 
J.lA 
Vec = 5.5V, SCL = SDA = Vce 


AC CHARACTERISTICS 
Vcc = 2.5V-5.5V Vcc = 4.5V-5.5V 
STD. MODE 
FAST MODE 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Units 
Remarks 


Clock frequency 
Feu< 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 1 


SDA and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 1 


START condition hold time 
THD:STA 4000 
- 
600 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 4700 
- 
600 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP condition setup time 
TSU:STO 4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 2 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 1, CB:S;100 pF 
to VILmax 
CB 


Input filter spike suppression 
Tsp 
N1A 
N1A 
0 
50 
ns 
Note 3 
(SDA and SCL pins) 


Write cycle time 
TWR 
- 
5 
- 
5 
mslpage 
Note 4 


Note 1: 
Not 100 percent tested. 
CB = total capacitance of one bus line in pF. 


Note 2: 
As a transmitter, 
the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI specification for standard operation. 


Note 4: 
The times shown are for a single page of B bytes. Multiply by the number of pages loaded into the write cache 
for total time. 


•• 


The 24C65 supports a bidirectional two-wire bus and 
data transmission protocol. 
A device that sends data 
onto the bus is defined as transmitter, 
and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCl), 
controls the bus access, and generates the 
START and STOP conditions, while the 24C65 works as 
slave. Both master and slave can operate as transmitter 
or receiver but the master device determines which 
mode is activated. 


The following bus protocol 
has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. 
- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions 
have been 
defined (See Figure 3). 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to lOW transition of the SDA line while the clock 
(SCl) 
is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer (e) 


A lOW to HIGH transition of the SDA line while the clock 
(SCl) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the lOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 
the data bytes transferred 
between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24C65 does not generate 
any acknowl- 
edge bits If an Internal programming 
cycle Is 
In progress. 


A device that acknowledges 
must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable lOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Device 
Addressing 
and Operation 
(Figure 
4) 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code, for the 24C65 this is 
set as 1010 binary for read and write operations. 
The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (RJW) 
defines the operation to be performed. 
When set to a 
one a read operation is selected, when set to a zero a 
write operation is selected. The next two bytes received 
define the address of the first data byte (see Figure 5). 
Because only A12 ..AO are used, the upper three ad- 
dress bits must be zeros. The most significant bit of the 
most significant byte is transferred first. 
Following the 
start condition, the 24C65 monitors the SDA bus check- 
ing the device type identifier being transmitted. 
Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24C65) outputs an acknowledge 
si9!!.alon the SDA line. Depending upon the state of the 
RIW bit, the 24C65 will select a read or write operation. 


Operation 
Control Code 
Device Select 
RiW 


Read 
1010 
DeviceAddress 
1 


Write 
1010 
DeviceAddress 
0 


S 
t 
Bus Activity: 
a 
Control 
Master 
r 
Byte 


t~ 


Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
RJW bit which is a logic low is placed onto the bus by the 
master transmitter. 
This indicates to the addressed 
slave receiver (24C65) that a byte with a word address 
will follow after it has generated an acknowledge 
bit 
during the ninth clock cycle. 
Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24C65. 
The next byte is the least significant 
address byte. 
After receiving another acknowledge 
signal from the 24C65 the master device will transmit the 
data word to be written into the addressed 
memory 
location. 
The 24C65 acknowledges 
again and the 
master generates a stop condition. 
This initiates the 
intemal write cycle, and during this time the 24C65 will 
not generate acknowledge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24C65 in the same way as in 
a byte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-<:hip page cache of the 24C65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted 
a stop condition. 
After the 
receipt of each word, the six lower order address pointer 
bits are intemally incremented by one. The higher order 
seven bits of the word address remain constant. 
If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition 
is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further 
data received will overwrite 
previously 
cap- 
tured data. The stop condition can be sent at any time 
during the transfer. 
As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin. The 64 byte cache will continue 
to 
capture 
data until a stop condition 
occurs 
or the 
operation 
is aborted (see Figure 6). 
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Read operations are initiated in the sar:!le way as write 
operations with the exception that the RIW bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se- 
quential read. 


Current Address Read 


The 24C65 contains an address counter that maintains 
the 
address 
of the 
last word 
accessed, 
internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n isany 
legal address), the next current address read operation 
would access data from address n + 1. Upon receipt ofthe 
slave address with RtW bit set to one, the 24C65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24C65 discontinues 
transmission (see Figure 7). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. 
To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24C65 as 
part of a write operation (RtW bit set to 0). After the word 
address is sent, the master generates a start condition 
following the acknowledge. 
This terminates 
the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the RtW bit set to a one. The 24C65 will then issue an 
acknowledge and transmit the eight bit data word. 
The 
master will not acknOWledgethe transfer but does gener- 
ate a stop condition which causes the 24C65 to discon- 
tinue transmission (see Figure 8). 


Sequential Read 


Sequential reads are initiated 
in the same way as a 
random read except that after the 24C65 transmits the 
first data byte, the master issues an acknowledge 
as 
opposed to the stop condition used in a random read. This 
acknowledge 
directs the 24C65 to transmit 
the next 
sequentially addressed 8 bit word (see Figure 9). Follow- 
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 


To provide sequential reads the 24C65 contains an inter- 
nal address pointer which is incremented by one at the 
completion 
of each operation. 
This address 
pointer 
allows the entire memory contents to be serially read 
during one operation. 


Contiguous Addressing Across Multiple 
Devices 


The device select bits A2, A 1, AOcan be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24C65's on the same bus. In this case, 
software can use AOof the control byte as address bit A13, 
A1 as address bit A14, and A2 as address bit A 15. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera- 
tion even on a noisy bus. 
All I/O lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil- 
ity. 


High Endurance Block 


The location of the high-endurance 
block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to O. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance (see Figure 11). 
This block will be 
capable of one million erase/write cycles typical. 


Note: The 
High 
Endurance 
Block 
cannot 
be 
changed after the security option has been 
set. If the H.E. block Is not programmed by 
the user, the default location Is the highest 
block of memory. 


Security Options 


The 24C65 has a sophisticated mechanism for write- 
protecting portions of the array. 
This write protect 
function is programmable and allows the user to pro- 
tect 0-15 contiguous 4K blocks. 
The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. 
If the security option is 
invoked with 0 blocks protected, then all portions of the 
array will be unprotected. 
All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101 X. Bits 0,5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. 
The device will acknOWledge after the first ad- 
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging 
afterwards. 


The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. 
For example, 
if three blocks are to be 
protected, the third byte would be 10XXOO11.Afterthe 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 


During a normal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound- 
ary, unprotected addresses will be written and protected 
addresses will not. 


Send 
Write Command 


Security 
Configuration 
Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this option 
except the READ bit (bit 6) of the configuration byte is set 
to a one. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. 
The master 
must acknOWledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se- 
quence. The upper four bits of both of these bytes will 
always be read as '1'So The lower four bits ofthe first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11). 


Send Stop 
Condition to 
Initiate Write Cycle 


Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves 
the master 
sending a start condition followed by the control byte for 
a write command (RIW =0). Ifthe device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 10 for flow diagram. 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the intemal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
o and existing bytes in the cache will be overwritten. 


Cache 
Write 
Starting 
at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2.,Aland 
AOare zero), then all data loaded into the 
cache will be written to the array in sequential 
ad- 
dresses. 
This 
includes 
writing 
across 
a 4K block 
boundary. 
Inthe example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte Oof page 3 (of the array), with the 
remaining 
pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache 
Write 
Starting 
at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (Le., address bits A2.,Aland 
AOare 
not all zero), it is important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. 
When a write command begins, the first 
byte loaded into the cache is always loaded into page O. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2.,A1, AO)that were sent as part of the write 
command. 
If the write command does not start at byte 
o of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. 
If more 
than 64 bytes of data are loaded into the cache, data 
already 
loaded will be overwritten. 
In the example 
shown in Figure 13, a write command has been initiated 


starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. 
Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will 'roll 
over' and be loaded into the first two bytes of page 0 (of 
the cache). When the stop bit is sent, page 0 of the cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. 
If a 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 


Power 
Management 


The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. 
This includes 
any error conditions, Le. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device 
also incorporates Voo monitor circuitry to pre- 
vent inadvertent writes (data corruption) 
during low- 
voltage conditions. The Voo monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption. 


AQ. A 1. A2 Chip Address 
Inputs 


The AO..A2 inputs are used by the 24C65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. 
A 
particular device is selected by transmitting the corre- 
sponding 
bits (A2., A 1, AO) in the control byte (see 
Figures 4 and 11). 


SDA serial 
AddresslData 
InpuVOutput 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 1OKil for 100KHz, 1Kn for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial 
Clock 


This input is used to synchronize the data transfer from 
and to the device. 


•• 


Control Byte 
,----A--------, 


I,lo~o~ 
I'LJ'~ 
l----J 
L----.J 


Slave 
Device 
Address Select 
Bits 


Address Byte 1 
,-----A---, 
~~ 


Address Byte 0 
,----A--------, 


fAT:T.T.T.T.T.l 
~ 


Configuration Byte 
,----A--------, 


~~ 
SIHE 
L--J 
Block 
Count 


Security Read 


S 
ta 
r 
t 


Security Write 


S 
ta 
r 
t 


High Endurance Block Read 
S 
t 
a 
Acknowledges from Device 
r 
~-----_------_------~ 
t 


High Endurance Block Write 


S 
ta 
Acknowledges from Device 
r 
t 


CD Write command 
initiated 
at byte 0 of page 3 in the array; 


First data byte is loaded 
into the cache 
byte O. 


~ 
cache 
page 0 


Last 2 bytes 
loaded into 
page 0 of cache. 


ill Write command 
in~iated; 64 bytes of data 
loaded into cache starting at byte 2 of page O. 


+ 


® Last 2 bytes loaded 'roll ove~ 
to beginning. 


@ Write from cache into array initiated by STOP bit. 


Page 0 of cache written to page 3 of array. 
® Remaining bytes in cache are 


Write cycle is executed after every page is written. 
written sequentially 
to array. 


~ 


byte 7 
~~~ 
array 
row 
n+l 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


24C65 
- 
IP 
Gp,,,,,,.. 
Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature 
Blank 
Range: 
I 
O°Cto +70°C 


-40°C to +85°C 


24C65 
64K CMOS Serial EEPROM (100 KHzl400 KHz) 


24C65T = 64K CMOS Serial EEPROM (in Tape and Reel Form) 


24LC65 


• Voltage operating range: 2.5V to 6.0V 
- 
Peak write current 3 mA at 6.0V 
- Maximum read current 150 ~ 
at 6.0V 
- Standby current 5 ~ 
typical 
• Industry standard two wire bus protocol12CTMcompat- 


ible 
- Including 100KHz (2.5V) and 400 KHz (5V) Modes 
• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 
1 million EIW for a 4K block (typical) 
10,000 EIW for a 60K block (typical) 
• a byte page, or byte modes available 
• 
1 page x a line input cache for fast write loads 
• 
Electrostatic discharge protection> 
4000V 
• 
Data retention> 
40 years 
• a-pin PDIP/SOIC packages 
• 
Temperature ranges: 
- Commercial: 
O°Cto +70°C 
- 
Industrial: 
-40°C to +85°C 
• 2 ms typical write cycle time, byte or page 
• Up to a devices may be connected to the same bus for 
up to 512K bits total memory 
:0 


1 
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SDA 
A008 
Vcc 
A1 
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NC 
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I'C is a trademark of Philips Corporation 
Smart Serial is a trademark 
of Microchip Technology 
Inc. 


The Microchip Technology Inc. 24LC65 is a 'smart' aK 
xa Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications, 
and provides the 
systems designer with flexibility through the use of many 
new user-programmable features. The 24LC65 offers a 
relocatable 4K bit block of ultra-high-endurance memory 
for data that changes frequently. 
The remainder of the 
array, or 60K bits, is rated at 10,000 ERASElWRITE (EIW) 
cycles typical. The 24LC65 features an input cache for 
fast write loads with a capacity of eight 
pages, or 64 
bytes. 
This device also features 
programmable secu- 
rity options for EIW protection of critical data and/or code 
of up to fifteen 4K blocks. Functional address lines allow 
the connection of up to eight 24LC65's on the same bus 
for up to 512K bits contiguous EEPROM memory. 
Ad- 
vanced CMOS technology makes this device ideal for 
low-power non-volatile code and data applications. The 
24LC65 is available inthe standard a-pin plastic DIP and 
a-pin surface mount SOIC package. 
•• 


Maximum Ratings· 
vcc 
7 .OV 
All inputs and outputs w.r.t. Vss 
-0.6V to Vee +1.0V 
Storage temperature 
-65°C to+ 150°C 
Ambient temp. with power applied 
-65°C to +125°C 
Soldering temperature of leads (10 seconds). 
+300°C 
ESD protection on all pins 
~ 4 kV 


'Notice: 
Stresses 
above 
those 
listed under 
"Maximum 
Ratings' 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 


functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 


implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 


may affect device 
reliability. 


PIN FUNCTION 
TABLE 


Name 
Function 


AO..A2 
User Configurable Chip Selects 
Vss 
Ground 
SDA 
Serial Address/Data I/O 
SCL 
Serial Clock 
Vcc 
+2.5V to 6.0V Power Supply 
NC 
No Internal 
Connection 


DC 
CHARACTERISTICS 
Vee = +2.5V to 6.0V 
Commercial 
(C): 
Tamb = 
O°C to +70°C 
Industrial 
(I): 
Tamb = -40°C to +85°C 


Parameter 
Symbol 
Min. 
Max. 
Units 
Conditions 


AO, A 1, A2, SCL and SDA pins: 


High level input voltage 
VIH 
.7Vee 
- 
V 
Low level input voltage 
VIL 
- 
.3Vee 
V 
Hysteresis of Schmitt 
Trigger 
VHYS 
.05 Vee 
- 
V 
Note 1 
inputs 


Low level output voltage 
VOL 
- 
.40 
V 
IOL=3.0mA 
Input leakage current 
III 
-10 
10 
uA 
VIN=.1VtoVcc 
Output leakage current 
ILO 
-10 
10 
uA 
Vom = .1V to Vee 
Intemal capacitance 
CINT 
- 
10 
pF 
Vec = 5.0V (Note 1) 
(all inputs/outputs) 
Tamb = 25°C, Fclk = 1 MHz 
Operating current 
Ice Write 
- 
3 
mA 
Vee = 6.0V, SCL = 400 KHz 


Ice Read 
- 
150 
lJA 
Vee = 6.0V. SCL = 400 KHz 


Standby current 
Ices 
- 
50 
lJA 
Vee = 6.0V. SCL = SDA = Vee 


I 
I 
I 
I 
I- 


AC CHARACTERISTICS 
Yee = 2.5Y-6.0Y 
Yee = 4.5Y-6.0Y 
STD. MODE 
FAST MODE 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Units 
Remarks 


Clock frequency 
Fcu< 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TlOW 
4700 
- 
1300 
- 
ns 


SDA and SCL rise time 
TR 
- 
1000 
- 
300 
ns 
Note 1 


SDA and SCL fall time 
TF 
- 
300 
- 
300 
ns 
Note 1 


START condition hold time 
THD:STA 4000 
- 
600 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 4700 
- 
600 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP condition setup time 
TSU:STO 4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 2 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min 
TOF 
- 
250 
20+0.1 
250 
ns 
Note 1, CB S 100 pF 
to Vil max 
CB 


Input filter spike suppression 
Tsp 
N1A 
N/A 
0 
50 
ns 
Note 3 
(SDA and SCL pins) 


Write cycle time 
TWR 
- 
5 
- 
5 
ms/page 
Note 4 


Note 1: 
Not 100 percent tested. CB = total capacitance of one bus line in pF. 
Note 2: 
As a transmitter, the device must provide an intemal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI specification for standard operation. 
Note 4: 
The times shown are for a single page of 8 bytes. MUltiply by the number of pages loaded into the write cache 
for total time. 
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The 24LC65 supports a bidirectional two-wire bus and 
data transmission protocol. 
A device that sends data 
onto the bus is defined as transmitter, 
and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC65 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


Data transfer may be initiated only when the bus is not 
busy. 
- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes inthe data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following 
bus conditions 
have been 
defined (see Figure 3). 


Bus not Busy tAl 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer (e) 


A LOW to HIGH transition olthe SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 
the data bytes transferred 
between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24LC65 does not generate any acknowl- 
edge bits if an internal programming 
cycle is 
in progress. 


A device that acknowledges 
must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 


setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


Device 
Addressing 
and Operation 
(Figure 
4) 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code, for the 24LC65 this is 
set as 1010 binary for read and write operations. 
The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When set to a one a read 
operation is selected, when set to a zero a write opera- 
tion is selected. The next two bytes received define the 
address of the first data byte (see Figure 5). Because 
only A12 ..AO are used, the upper three address bits 
must be zeros. 
The most significant bit of the most 
significant byte is transferred first. 
Following the start 
condition, the 24LC65 monitors the SDA bus checking 
the device type identifier 
being transmitted. 
Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24LC65) outputs an acknowledge 
si~al 
on the SDA line. Depending upon the state of the 
RIW bit, the 24LC65 will select a read or write operation. 


Operation 
- 
Control Code 
Device Select 
RIW 


Read 
1010 
DeviceAddress 
1 


Write 
1010 
DeviceAddress 
0 


Bus Activity: 
Master 


S 
t 
a 
Control 
r 
Byte 
t ,--A-----, 


Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
R!W bit which is a logic low is placed onto the bus by the 
master transmitter. 
This indicates to the addressed 
slave receiver (24LC65) that a byte with a word address 
will follow after it has generated an acknowledge 
bit 
during the ninth clock cycle. 
Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24LC65. 
The next byte is the least significant 
address byte. 
After receiving another acknowledge 
signal from the 24LC65 the master device will transmit 
the data word to be written into the addressed memory 
location. 
The 24LC65 acknowledges 
again and the 
master generates a stop condition. 
This initiates the 
internal write cycle, and during this time the 24LC65 will 
not generate acknowledge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24LC65 in the same way as 
in a byte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-ehip page cache of the 24LC65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted 
a stop condition. 
After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. 
If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition 
is not received, 
the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further 
data received 
will overwrite 
previously 
cap- 
tured data. The stop condition can be sent at any time 
during the transfer. 
As with the byte write operation, 


once the stop condition 
is received an internal write 
cycle will begin. The 64 byte cache will continue 
to 
capture 
data until a stop condition 
occurs 
or the 
operation 
is aborted (see Figure 6). 
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Read operations are initiated in the sa'!!.e way as write 
operations with the exception that the RIW bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se- 
quential read. 


Current Address Read 


The 24LC65 contains an address counter that maintains 
the 
address 
of the 
last 
word 
accessed, 
internally 


incremented by one. 
Therefore, if the previous access 


(either a read or write operation) was to address n (n is any 
legal address), the next current address read operation 
would access data from address n + 1. Upon receipt of the 
slave address with RJW bit set to one, the 24LC65 issues 
an acknowledge 
and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24LC65 discontinues 
transmission (see Figure 7). 


Random Read 


Random read operations allow the master to access any 
memory location in a random manner. 
To perform this 


type of read operation, first the word address must be set. 
This is done by sending the word address to the 24LC65 
as part of a write operation (RJW bit set to 0). After the 
word address is sent, the master generates a start condi- 
tion following the acknowledge. 
This terminates the write 


operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the RJW bit set to a one. The 24LC65 will then issue an 
acknowledge and transmit the eight bit data word. 
The 


master will not acknowledge the transfer but does gener- 
ate a stop condition which causes the 24LC65 to discon- 
tinue transmission (see Figure 8). 


Sequential Read 


Sequential 
reads are initiated in the same way as a 


random read except that after the 24LC65 transmits the 
first data byte, the master issues an acknowledge 
as 


opposed to the stop condition used ina random read. This 
acknowledge 
directs the 24LC65 to transmit the next 


sequentially addressed 8 bit word (see Figure 9). Follow- 
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 


To provide sequential 
reads the 24LC65 contains an 


intemal address pointer which is incremented by one at 
the completion of each operation. 
This address pointer 


allows the entire memory contents to be serially read 
during one operation. 


Contiguous Addressing Across Multiple 
Devices 


The device select bits A2, A1, AOcan be used to expand 
the contiguous 
address space for up to 512K bits by 


adding up to eight 24LC65's on the same bus. Inthis case, 
software can use AOof the control byte as address bit A13, 
A1 as address bit A14, and A2 as address bit A15. 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera- 
tion even on a noisy bus. 
All I/O lines incorporate 


Schmitt triggers for 400 KHz (Fast Mode) compatibil- 
ity. 


High Endurance Block 


The location of the high-endurance 
block within the 


memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to o. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. 
This block will be capable of one 
million erase/write cycles typical (see Figure 11). 


Note: The 
High 
Endurance 
Block 
cannot 
be 


changed 
after the security 
option 
has been 


set. If the H.E. block is not programmed 
by 


the user, the default 
location 
is the highest 


block of memory. 


Security Options 


The 24LC65 has a sophisticated mechanism for write- 
protecting portions of the array. 
This write protect 


function is programmable and allows the user to pro- 
tect 0-15 contiguous 4K blocks. 
The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. 
If the security option is 


invoked with 0 blocks protected, then all portions of the 
array will be unprotected. 
All parts will come from the 
factory in the default configuration 
with the starting 


block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 60fthefirstaddress 
byte are 


disregarded by the device and can be either high or 
low. 
The device will acknowledge after the first ad- 


dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging 
afterwards. 


The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. 
For example, 
if three blocks are to be 


protected, the third byte would be 1OXX0011. Afterthe 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 


•• 


During a normal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound- 
ary, unprotected addresses will be written and protected 
addresses will not. 
Send 
Write Command 
Security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this option 
except the READ bit (bit 6) of the configuration byte is set 
to a one. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. 
The master 
must acknowledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se- 
quence. 
The upper four bits of both of these bytes will 
always be read as '1'So The lowerfour bits olthe first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default 
starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11). 


Send Stop 
Condition to 
Initiate Write Cycle 


Send Control Byte 
with R!W=O 


Since the device will not acknowledge during a write 
CYCle,this can be used to determine when the cycle is 
complete 
(this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated 
immediately. 
This involves the master 
sending a start condition followed by the control byte for 
a write command (RJW =0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 10 for flow diagram. 


The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write althe maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the intemal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded 
into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
o and existing bytes in the cache will be overwritten. 


Cache Write Starting at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2.,A 1and AOare zero), then all data loaded into the 
cache will be written to the array in sequential 
ad- 
dresses. 
This includes 
writing 
across 
a 4K block 
boundary. 
In the example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining 
pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache Write Starting at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2.,A1 and AOare 
not all zero), it is important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. 
When a write command begins, the first 
byte loaded into the cache is always loaded into page O. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2.,A1, AO)that were sent as part of the write 
command. 
If the write command does not start at byte 
o of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. 
If more 
than 64 bytes of data are loaded into the cache, data 
already 
loaded will be overwritten. 
In the example 
shown in Figure 13, a write command has been initiated 


24LC65 


starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will 'roll 
over' and be loaded into the first two bytes of page 0 (of 
the cache). When the stop bit is sent, page 0 ofthe cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. 
If a 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 


Power Management 


The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. 
This includes 
any error conditions, I.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device 
also incorporates Voo monitor circuitry to pre- 
vent inadvertent 
writes (data corruption) 
during low- 
voltage conditions. The Voo monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption . 


AO,A1, A2 Chip Address Inputs 


The AO..A2 inputs are used by the 24LC65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. 
A 
particular device is selected by transmitting the corre- 
sponding 
bits (A2, A 1, AO) in the control byte (see 
Figures 4 and 11). 


SDA Serial AddressIData InpuVOutput 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. 
It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 1OKil for 100KHz, 1KQ for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCLIow. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCt Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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CD Write command 
initiated 
at byte 0 of page 3 in the array; 
First data byte is loaded 
into the cache 
byte O. 
r:t 
cache 
page 0 


Last 2 bytes 
loaded into 
page 0 01 cache. 


<D Write command initiated; 64 bytes 01 data 
loaded into cache starting at byte 2 01 page o. 
t 


® Last 2 bytes loaded 'roll over' 


to beginning. 


o Write Irom cache into array initiated by STOP bit. 


Page 0 01 cache written to page 3 01 array. 
® Remaining bytes in cache are 


Write cycle is executed alter every page is written. 
written sequentially 
to array. 


"" 
array 
rown 
~Jf:y 
n+1 


•• 


To order 
or to obtain 
information, 
e.g., 
on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and refer to the factory 


or the listed 
sales 
offices. 


24LC65 
- 
IP~P- 
Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 


Temperature 
Blank 
Range: 
I 
O°C to +70°C 


-4Q°C to +85°C 


24LC65 
24LC65T 
64K CMOS 
Serial EEPROM 
(100 KHzl400 
KHz) 
64K CMOS Serial EEPROM 
(in Tape and Reel Form) 


U' 
MICROCHIP 
24AA65 


• Voltage operating range: 
1.8V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 l!A at 6.0V 
- Standby current 5 l!A typical 
• Industry standard two wire bus protocol12CTMcompat- 
ible 
- 
Including 100KHz (1.8V) and 400 KHz (5V) Modes 
• Programmable block security options 
• 
Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• 
Power on/off data protection circuitry 
• 
Endurance: 
1 million EIW for a 4K block (typical) 
10,000 EIW for a 60K block (typical) 
• a byte page, or byte modes available 
• 
1 page x a line input cache for fast write loads 
• Electrostatic discharge protection> 
4000V 
• Data retention> 
40 years 
• a-pin PDIP/SOIC packages 
• 
Temperature ranges: 
- Commercial: 
O°Cto +70°C 
• 2 ms typical write cycle time, byte or page 
• Up to 8 devices may be connected to the same bus for 
up to 512K bits total memory 
::0 


1 


::: 
A23 
6 
SCl 


Vss 
4 
5 
SDA 
A008 
Vex; 


A1 
2 
7 
NC 


A23 
6SCl 


Vss 
4 
5 
SDA 


I'C is a trademarl< of Philips Corporation 
Smart Serial is a trademark of Microchip Technology 
Inc. 


The Microchip Technology Inc. 24AA65 is a 'smart' 8K 
x a Serial Electrically Erasable PROM. 
This device has 
been developed for advanced, low power applications 
such as personal communications, 
and provides the 
systems designer with flexibility through the use of many 
new user-programmable 
features. 
It is capable of op- 
eration down to 1.8V, the end-of-life voltage for 2 'AA' 
battery cells for most popular battery technologies.The 
24AA65 offers a relocatable 
4K bit block of ultra-high- 
endurance memory 
for data that changes frequently. 


The remainder ofthe array, or 60K bits, is rated at 10,000 
ERASElWRITE (EIW) cycles typical. The 24AA65 fea- 
tures an input cache for fast write loads with a capacity 
of eight pages, or 64 bytes. 
This device also features 
programmable 
security options for EIW protection of 
critical data and/or code of up to fifteen 4K blocks. 
Functional address lines allow the connection of up to 
eight 24LC65's on the same bus for up to 512K bits 
contiguous EEPROM memory. Advanced CMOS tech- 
nology makes this device ideal for low-power 
non- 


volatile code and data 
applications. 
The 24AA65 is 
available in the standard a-pin plastic DIP and 8-pin 
surface mount SOIC package. 
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Maximum Ratings· 


Vcc 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.6V to Vcc +1.0V 
Storage temperature 
-65°C to+ 150°C 
Ambient temp. with power applied 
-65°C to +125°C 
Soldering temperature of leads (10 seconds). 
+300°C 
ESD protection on all pins 
~ 4 kV 


"Notice: 
Stresses 
above 
those 
listed under 
"Maximum 
Ratings" 
may 
cause pennanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specijication 
is not 
implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


PIN FUNCTION 
TABLE 


Name 
Function 


AO..A2 
User Configurable Chip Selects 
Vss 
Ground 
SDA 
Serial Address/Data 1/0 
SCl 
Serial Clock 
Vcc 
+1.8V to 6.0V Power Supply 
NC 
No Internal Connection 


DC 
CHARACTERISTICS 
Vcc = +1.8V to 6.0V 
Commercial 
(C): 
Tamb = 
O°Cto +70°C 


Parameter 
Symbol 
Min. 
Max. 
Units 
Conditions 


AO, A 1, A2, SCl and SDA pins: 


High level input voltage 
VIH 
.7Vcc 
- 
V 


low level input voltage 
VIL 
- 
.3Vcc 
V 


Hysteresis of Schmitt 
Trigger 
VHYS 
.05 Vcc 
- 
V 
Note 1 
inputs 


low level output voltage 
VOL 
- 
.40 
V 
IOL=3.0mA 
Input leakage current 
ILl 
-10 
10 
uA 
VIN = .1V to Vcc 
Output leakage current 
ILO 
-10 
10 
uA 
VOUT= .1V to Vcc 
Internal capacitance 
CINT 
- 
10 
pF 
vcc = 5.0V (Note 1) 


(all inputs/outputs) 
Tamb = 25°C, Fclk = 1 MHz 


Operating current 
Ice Write 
- 
3 
mA 
Vcc = 6.0V, SCl = 400 KHz 


Ice Read 
- 
150 
~ 
Vcc = 6.0V, Sel 
= 400 KHz 


Standby current 
- 
50 
!LA 
Vcc = 6.0V, SCl = SDA = Vcc 
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AC CHARACTERISTICS 
Vcc = 1.8V-6.0V 
Vcc = 4.5V-6.0V 
STD. MODE 
FAST MODE 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Units 
Remarks 


Clock frequency 
FCLK 
0 
100 
0 
400 
kHz 


Clock high time 
THIGH 
4000 
- 
600 
- 
ns 


Clock low time 
TLOW 
4700 
- 
1300 
- 
ns 


SDA and SCl rise time 
TR 
- 
1000 
- 
300 
ns 
Note 1 


SDA and SCl fall time 
TF 
- 
300 
- 
300 
ns 
Note 1 


START condition hold time 
THD:STA 4000 
- 
600 
- 
ns 
Alter this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 4700 
- 
600 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
0 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
100 
- 
ns 


STOP condition setup time 
TSU:STO 4000 
- 
600 
- 
ns 


Output valid from clock 
TAA 
- 
3500 
- 
900 
ns 
Note 2 


Bus free time 
TBUF 
4700 
- 
1300 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Output fall time from VIH min 
TOF 
- 
250 
20 -Hl.1 
250 
ns 
Note 1, CB :5 100 pF 
to VILmax 
CB 


Input filter spike suppression 
Tsp 
NlA 
NlA 
0 
50 
ns 
Note 3 
(SDA and SCl pins) 


Write cycle time 
TWR 
- 
5 
- 
5 
mslpage 
Note 4 


Note 1: 
Not 100 percent tested. 
CB= total capacitance of one bus line in pF. 


Note 2: 
As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCl to avoid unintended generation of START or STOP conditions. 


Note 3: 
The combined Tsp and VHYSspecifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. 
This eliminates the need for a TI specification for standard operation. 


Note 4: 
The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache 
for total time. 
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The 24AA65 supports a bidirectional two-wire bus and 
data transmission protocol. 
A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA65 works 
as slave. Both master and slave can operate as trans- 
mitter or receiver but the master device determines 
which mode is activated. 


The following bus protocol 
has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, 
the following 
bus conditions have been 
defined (see Figure 3). 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines 
a START condition. 
All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


A LOW to HIGH transition olthe SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. 
The number of 


the data bytes transferred 
between the START and 
STOP conditions is determined by the master device. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge 
after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 24AA65 does not generate any acknowl- 
edge bits If an internal 
programming 
cycle Is 
in progress. 


A device that acknowledges 
must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 


setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24AA65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 
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Device Addressing and Operation (Figure 4) 


A control byte is the first byte received following the start 
condition from the master device. 
The control byte 
consists of a four bit control code, for the 24AA65 this is 
set as 1010 binary for read and write operations. 
The 
next three bits of the control byte are the device select 
bits (A2, A1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When setto a one a read 
operation is selected, when set to a zero a write opera- 
tion is selected. The next two bytes received define the 
address of the first data byte (see Figure 5). Because 
only A12 ..AO are used, the upper three address bits 
must be zeros. 
The most significant bit of the most 
significant byte is transferred first. 
Following the start 
condition, the 24AA65 monitors the SDA bus checking 
the device type identifier 
being transmitted. 
Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24AA65) outputs an acknowledge 
si~al 
on the SDA line. Depending upon the state of the 
RIW bit, the 24AA65 will select a read or write operation. 


Operation 
- 
Control Code 
Device Select 
R/W 


Read 
1010 
DeviceAddress 
1 


Write 
1010 
DeviceAddress 
0 


START 
)/' 


S 
t 
Bus Activity: 
a 
Control 
Master 
r 
Byte 
t ,----A---. 


Byte Write 


Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
RiW bit which is a logic low is placed onto the bus by the 
master transmitter. 
This indicates to the addressed 
slave receiver (24AA65) that a byte with a word address 
will follow after it has generated an acknowledge 
bit 
during the ninth clock cycle. 
Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24AA65. 
The next byte is the least significant 
address byte. 
After receiving another acknowledge 
signal from the 24AA65 the master device will transmit 
the data word to be written into the addressed memory 
location. 
The 24AA65 acknowledges 
again and the 
master generates a stop condition. 
This initiates the 
intemal write cycle, and during this time the 24AA65 will 
not generate acknowledge signals (see Figure 5). 


Page Write 


The write control byte, word address and the first data 
byte are transmitted to the 24AA65 in the same way as 
in a byte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-ehip page cache of the 24AA65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted 
a stop condition. 
After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. 
If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition 
is not received, 
the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further 
data received 
will overwrite 
previously 
cap- 
tured data. The stop condition can be sent at any time 
during the transfer. 
As with the byte write operation, 
once the stop condition 
is received an internal write 
cycle will begin. The 64 byte cache will continue to 
capture 
data until a stop condition 
occurs 
or the 
operation 
is aborted (see Figure 6). 
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S 
t 
S 


Bus Activity: a 
Control 
Word 
Word 
t 


Master 
r 
Byte 
Address (1) 
Address (0) 
Data n 
Data n + 15 
0 
t,----A------, 
~ 
~ 
~ 
~ 
p 
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A 
A 
A 
A 
A 


C 
C 
C 
C 
C 


KKK 
K 
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S 
t 
Bus Activity: a 
Control 
Master 
r 
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t~ 


S 
t 


Bus Activity: a 
Control 
Mamer 
r 
B~e 
t~ 


SDA Line D1Jl rrn 


Bus Activity 


S 


Word 
Word 
a 
Control 
t 


Address(1) 
Address(0) 
r 
B~e 
Data n 
0 


~ 
~ 
~ 
,-----A----, 
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A 
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C 
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A 
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C 
C 
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Read operations are initiated in the sa'!!.e way as write 
operations with the exception that the RIW bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se- 
quential read. 


Current Address Read 


The 24AA65 contains an address counter that maintains 
the 
address 
of the 
last word 
accessed, 
internally 
incremented by one. 
Therefore, if the previous access 
(either a read orwrite operation) was to address n (n is any 
legal address), the next current address read operation 
would access data from address n + 1. Upon receipt of the 
slave address with RIW bit set to one, the 24AA65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24AA65 discontinues 
transmission (see Figure 7). 


Random read operations allow the master to access any 
memory location in a random manner. 
To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24AA65 
as part of a write operation (RIW bit set to 0). After the 
word address is sent, the master generates a start condi- 
tion following the acknowledge. 
This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the RIW bit set to a one. The 24AA65 will then issue an 
acknowledge and transmit the eight bit data word. The 
master will not acknowledge the transfer but does gener- 
ate a stop condition which causes the 24AA65 to discon- 
tinue transmission (see Figure 8). 


Sequential 
Read 


Sequential 
reads are initiated in the same way as a 
random read except that after the 24AA65 transmits the 
first data byte, the master issues an acknowledge 
as 
opposed to the stop condition used in a random read. This 
acknowledge 
directs the 24AA65 to transmit the next 
sequentially addressed 8 bit word (see Figure 9). Follow- 
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 


To provide sequential 
reads the 24AA65 contains an 
intemal address pointer which is incremented by one at 
the completion of each operation. 
This address pointer 
allows the entire memory contents to be serially read 
during one operation. 


Contiguous 
Addressing 
Across Multiple 
Devices 


The device select bits A2, A 1, AOcan be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24LC65's on the same bus. Inthis case, 
software can use AOof the control byte as address bit A13, 
A1 as address bit A14, and A2 as address bit A15. 


24AA65 


Noise Protection 


The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera- 
tion even on a noisy bus. 
All I/O lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil- 
ity. 


High Endurance 
Block 


The location of the high-endurance 
block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to o. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. 
This block will be capable of one 
million erase/write cycles typical (see Figure 11). 


Note: The 
High 
Endurance 
Block 
cannot 
be 
changed 
after the security 
option 
has been 
set. If the H.E. block Is not programmed 
by 
the user, the default 
location 
Is the highest 
block of memory. 


Security Options 


The 24AA65 has a sophisticated mechanism for write- 
protecting portions of the array. 
This write protect 
function is programmable and allows the user to pro- 
tect 0-15 contiguous 4K blocks. 
The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. 
If the security option is 
invoked with 0 blocks protected, then all portions of the 
array will be unprotected. 
All parts will come from the 
factory in the default configuration 
with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 


To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0,5 and 6 ofthe first address byte are 
disregarded by the device and can be either high or 
low. 
The device will acknowledge after the first ad- 
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging 
afterwards. 


The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. 
For example, 
if three blocks are to be 
protected, the third byte would be 10XXOO11.Afterthe 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 
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During a normal write sequence. if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound- 
ary. unprotected addresses will be written and protected 
addresses will not. 


Send 
Write Command 


security Configuration Read 


The status of the secure portion of memory can be read 
by using the same technique as programming this option 
exceptthe READ bit (bit 6) olthe configuration byte is set 
to a one. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. The master 
must acknowledge the first byte and not acknowledge 
the second. and then send a stop bit to end the se- 
quence. The upper four bits of both of these bytes will 
always be read as '1'So The lower four bits olthe first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure 
block is fifteen and the 
default number of secure blocks is zero (see Figure 11). 


Send Control Byte 
with RJW=O 


Since the device will not acknowledge during a write 
cycle. this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 
mand has been issued from the master. the device 
initiates the intemally timed write cycle. ACK polling can 
be initiated 
immediately. 
This 
involves the master 
sending a start condition followed by the control byte for 
a write command (RIW = 0). If the device is still busy with 
the write cycle. then no ACK will be retumed. Ifthe cycle 
is complete. then the device will retum the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 10 for flow diagram. 
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The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the intemal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
o and existing bytes in the cache will be overwritten. 


Cache 
Write Starting 
at a Page Boundary 


If a write command begins at a page boundary (address 
bits A2.,A1and AOare zero), then all data loaded into the 
cache will be written to the array in sequential 
ad- 
dresses. 
This 
includes 
writing 
across 
a 4K block 


boundary. Inthe example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte 0 of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A wri1ecycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 


Cache 
Write Starting 
at a Non-Page 
Boundary 


When a write command is initiated that does not begin 
at a page boundary (Le., address bits A2.,A 1and AOare 
not all zero), it is important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. 
When a write command begins, the first 


byte loaded into the cache is always loaded into page O. 
The byte within page 0 of the cache where the load 
begins is determined by the three least significant ad- 
dress bits (A2.,A 1, AO)that were sent as part of the write 
command. 
If the write command does not start at byte 


o of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. 
If more 


than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. 
In the example 


shown in Figure 13, a write command has been initiated 


24AA65 


starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will 'roll 
over' and be loaded into the first two bytes of page 0 (of 
the cache). When the stop bit is sent, page 0 ofthe cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. 
If a 


partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 


Power 
Management 


The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. 
This includes 


any error conditions, Le. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device 
also incorporates Voo monitor circuitry to pre- 


vent inadvertent writes (data corruption) 
during low- 
voltage conditions. The Voo monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption. 


AO, A 1, A2 Chip Address 
Inputs 


The AO..A2 inputs are used by the 24AA65 for multiple 
device operation and conform to the two-wire bus stan- 
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. 
A 


particular device is selected by transmitting the corre- 
sponding 
bits (A2., A 1, AO) in the control byte (see 


Figures 4 and 11). 


SDA Serial 
Address/Data 
InputlOutput 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vcc (typical 1OKil for 100KHz, 1Kn for 400 KHz). 


For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 


SCL Serial 
Clock 


This input is used to synchronize the data transfer from 
and to the device. 
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Control Byte 
~ 
r,lor;lo~ 
I'L.I·~ 
l----J 
L--...J 
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Device 
Address 
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Address Byte 1 
~ 
~~ 


Address Byte 0 
~ 
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~ 


Configuration Byte 
~ 
~~ 
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l----J 
Block 
Count 
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S 
ta 
r 
t 


Security Write 
s 
ta 
r 
t 
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s 
t 
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r 
~------~-----~------~ 
t 
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L---' 
High Endurance 
Block Number 


High Endurance Block Write 
s 


~ 
Acknowledges from Device 
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24AA65 


<D Write command 
initiated 
at byte 0 of page 3 in the array; 
First data byte is loaded 
into the cache 
byte O. 
q 
cache 
page 0 


Last 2 bytes 
loaded into 
page 0 of cache. 


CD Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page O. 


t 


® Last 2 bytes loaded 'roll ove~ 


to beginning. 


@) Write from cache into array initiated by STOP b~. 


Page 0 of cache written to page 3 of array. 
® Remaining bytes in cache are 


Write cycle is executed after every page is written. 
written sequentially 
to array. 


~ 


array 
rown 
~6~y 
n+l 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


24AA65 .~ f 


~ 
Package: 
Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 


'I Temperature 
Range: 
i Device: 
24AA65 
24AA65T 
64K CMOS Serial EEPROM (100 KHzl400 KHz) 
64K CMOS Serial EEPROM (in Tape and Reel Form) 
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59C11 


• Low power CMOS technology 
• Pin selectable memory organization 


- 
128 x 8 or 64 x 16 bit organization 
• Single S volt only operation 
• Self timed WRITE, ERAL and WRAL cycles 
• Automatic erase before WRITE 
• RDY/BSY status information during WRITE 
• Power on/off data protection circuitry 
• 1,000,000 ERASElWRITE cycles typical 
• Data Retention> 
40 Years 
• 8-pin DIP or SOIC package 
• Available for extended temperature ranges: 
- 
Commercial: O'C to +70'C 
- 
Industrial: 
-40·C to +85'C 
- 
Automotive: 
-40·C to +12S'C 


The Microchip Technology Inc. S9C11 is a 1K bit Elec- 
trically Erasable PROM. 
The device is configured as 
128 x 8 or 64 x 16, selectable externally by means of the 
control pin ORG. Advanced CMOS technology makes 
this device 
ideal for low power nonvolatile 
memory 
applications. 
The S9C11 is available in the standard 8- 
pin DIP and a surface mount SOIC package. 


PIN CONFIGURATION 


DIP Package 
sOle Package 


CS 
8 
Vcc 
CS 
8 
Vcc 


ClK 
7 
ROYIBSY 
ClK 
2 
7 
ROYIBSY 


01 
6 
ORG 
01 
3 
6 
ORG 


00 
5 
Vss 
00 
4 
5 
Vss 


•• 


Maximum 
Ratings· 


Vee 
7.OV 
All inputs and outputs w.r.t. Vss 
-o.6V to Vee +1.0V 
Storage temperature 
-6S'C to +1S0'C 
Ambient temperature with 
power applied 
-6S'C to +12S'C 
Soldering temperature of leads (10 seconds) 
+3OO'C 
ESD protection on all pins 
4 kV 


"NoIlce: 
Stresses 
above 
those 
listed 
under 
'Maximum 
ratings' 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
01the device at those or any other cond~ions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 


implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect daviee reliabil~. 


PIN FUNCTION 
TABLE 


Name 
Function 


CS 
Chip Select 


ClK 
Serial Clock 
01 
Data In 
DO 
Data Out 
Vss 
Ground 
ORG 
Memory Array Organization 
RDY/BSY 
Ready/Busy Status 
Vee 
+SV Power Supply 


DC CHARACTERISTICS 
Vee = +SV (±10%) 
Commercial: 
Tamb = O°C to +70°C 
Industrial: 
Tamb = -40°C to +85°C 
Automotive: 
Tamb = -40°C to +12SoC (Note 3) 


Parameter 
Symbol 
Min 
Max 
Units 
Conditions 


Vee detector threshold 
VTH 
2.8 
4.S 
V 


High level input voltage 
VIH 
2.0 
Vee + 1 
V 


low level input voltage 
VIL 
-0.3 
0.8 
V 


High level output voltage 
VOH 
2.4 
- 
V 
IOH= -400 1IA 


low level output voltage 
VOL 
- 
0.4 
V 
IOL= 3.2 mA 


Input leakage current 
III 
- 
10 
1IA 
VIN= OVto Vee (Note 1) 


Output leakage current 
ILO 
- 
10 
1IA 
VOUT= OVto Vee (Note 1) 


Internal capacitance 
CINT 
- 
7 
pF 
VINlVoUT= OV (Note 2) 
(all inputs/outputs) 
Tamb = 2S'C, f = 1 MHz 


Operating current 
Ice write 
- 
4 
mA 
Feu< = 1 MHz, Vec =S.SV 


(all modes) 


Standby current 
Ices 
- 
100 
1IA 
CS = OV, Vee = S.SV 


Note 1: Internal resister pull-up at Pin 6. Active output at Pin 7. 
Note 2: This parameter is periodically sampled and not 100% tested. 
Note 3: For operation above as'C, endurance is rated at 10,000 ERASElWRITE cycles. 


Parameter 
Symbol 
Min 
Max 
un"ti 
""..,,59~11 


Clock frequency 
FcU< 
1 
MHz 


Clock high time 
TCKH 
500 
- 
ns 


Clock low time 
TCKL 
500 
- 
ns 


Chip select setup time 
Tcss 
50 
- 
ns 


Chip select hold time 
TCSH 
0 
- 
ns 


Chip select low time 
Tcs 
100 
- 
ns 


Data input setup time 
TOls 
100 
- 
ns 


Data input hold time 
TOIH 
100 
- 
ns 


Data output delay time 
Tpo 
- 
400 
ns 
Cl 
= 100 pF 


Data output disable time (from CS = low) 
Tcz 
0 
100 
ns 
Cl 
= 100pF 


Data output disable time (from last clock) 
Tooz 
0 
400 
ns 
Cl 
= 100pF 


RDY/BSY delay time 
TRBO 
- 
400 
ns 


Program cycle time (Auto Erase and Write) 
Twc 
- 
1 
ms 
for a-bit mode 
15 
ms 
for ERAl and WRAl 
in 8116-bit modes 


Chip select (CS) 


A HIGH level selects the device. A lOW level deselects 
the device and forces it into standby mode. However, a 
WRITE cycle which is already initiated and/or in prog- 
ress will be completed, regardless of the CS input signal. 
If CS is brought lOW during a WRITE cycle, the device 
will go into standby mode as soon as the WRITE cycle 
is completed. 


CS must be lOW for 100 ns (TcsL) minimum between 
consecutive 
instructions. 
If CS is lOW, 
the intemal 
control logic is held in a RESET status. 


Serial Clock (ClK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 59C11. 
Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of ClK. 


ClK 
can be stopped anywhere 
in the transmission 
sequence (at HIGH or lOW level) and can be continued 
anytime (with respectto clock high time (TCKH)and clock 
low time (TcKL)). 
This gives freedom 
in preparing 
opcode, address and data for the controlling master. 


ClK is a "Don't Care" if CS is lOW (device deselected). 
If CS is HIGH, but a START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (I.e., waiting for 
START condition). 


ClKcycies 
are not required during the self-timed WRITE 
(I.e., auto erase/write) cycle. 


After detection 
of a START condition 
the specified 
number of clock cycles (respectively 
lOW 
to HIGH 
transitions of ClK) 
must be provided. 
These clock 
cycles are required to clock in all required opcode, 
address, and data bits before an instruction is executed 
(see instruction settruth table). When that limit has been 
reached, ClK and 01 become "Don't Care" inputs until 
CS is brought lOW 
for at least chip select low time 
(TCSL)and brought HIGH again and a WRITE cycle (if 
any) is completed. 


Data I" (01) 


Data In is used to clock in START bit, opcode, address 
and data synchronously with the ClK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the ClK input (Tpo after the positive 
edge of ClK). 
This output is in HIGH-Z mode except if 
data is clocked out as a result of a READ instruction. 


01 and DO can be connected together to perfonn a 3- 
wire interface (CS, ClK, 01100). 


Care must be taken with the leading dummy zero which 
is output after a READ command has been detected. 
Also, the controlling device must not drive the 01100 bus 
during WRITE cycles. 


• 


Organization 
(ORG) 


This input selects the memory array organization. When 
the ORG pin is connected to +5 V the 64 x 16 organiza- 
tion is selected. When it is connected to ground, the 128 
x 8 organization 
is selected. 
If the ORG pin is left 
unconnected, then an intemal pullup device will select 
the 64 x 16 organization. 
In applications 
subject to 
electrical noise, it is recommended that this pin not be 
left floating, but tied either high or low. 


Ready/Busy 
(RDYtBSY) 


Pin 7 provides RDY/BSY status information. 
RDY/BSY 
is low if the device is performing a WRITE, ERAL, or 
WRAL operation. 
When it is HIGH the internal, self- 
timed WRITE, 
ERAL or WRAL operation 
has been 
completed and the device is ready to receive a new 
instruction. 


During power-up, all modes of operation are inhibited 
until Vcc has reached a level of 2.8 V. During power- 
down, the source data protection circuitry acts to inhibit 
all modes when Vcc has fallen below 2.8 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. Therefore, EWEN instruction must be performed 
before any WRITE, ERAL or WRAL instruction can be 
executed. After programming is completed, the EWDS 
instruction offers added protection against unintended 
data changes. 


INSTRUCTION SET 
64 X 16 MODE, ORG=1 


Slart 
Number 01 
Instruction 
Bil 
opcode 
Address 
oala In 
oala oul 
Req. CLK Cycles 


READ 
1 
1 
0 
X 
X 
A5 
A4 
A3 
A2 
A1 
AO 
- 
015-00 
27 
WRITE 
1 
X 
1 
X 
X 
A5 
A4 
A3 
A2 
A1 
AO 
015-00 
High-Z 
27 
EWEN 
1 
0 
0 
1 
1 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 
EWOS 
1 
0 
0 
0 
0 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 
ERAL 
1 
0 
0 
1 
0 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 
WRAL 
1 
0 
0 
0 
1 
X 
X 
X 
X 
X 
X 
015-00 
High-Z 
27 


128 X 8 MODE, ORG=O 


Slart 
Number of 
Inslrucllon 
Bil 
opcode 
Address 
Dala In 
Dala oul 
Req. CLK Cycles 


READ 
1 
1 
0 
X 
X 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
- 
07-00 
20 
WRITE 
1 
X 
1 
X 
X 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
07 - DO 
High-Z 
20 
EWEN 
1 
0 
0 
1 
1 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 
EWOS 
1 
0 
0 
0 
0 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 
ERAL 
1 
0 
0 
1 
0 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 
WRAL 
1 
0 
0 
0 
1 
X 
X 
X 
X 
X 
X 
X 
07 -DO 
High-Z 
20 


FUNCTIONAL 
DESCRIPTION 


START Condition 


The START bit is detected by the device if CS and DI are 
both High with respectto the positive edge of eLK forthe 
first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination 
(except to that of a 
START condition) without resulting in any device opera- 
tion (READ, WRITE, EWEN, EWDS, ERAL, and WRAL). 
As soon as CS is HIGH, the device is no longer in the 
standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (Le. clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


It is possible to connecl the Data In and Data Ou1pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AOis a logic high level. 
Under such a condition the voltage level seen at Data 
Out is undefined and will depend 
upon the relative 
impedances of Data Out and the signal source driving 
AO. The higherthe current sourcing capability of AO,the 
higher the voltage at the Data Out pin. 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy bit 
(logical 0) precedes the 8- or 16-bit output string. The 
output data changes during the high state of the system 
clock (ClK). 
The dummy bit is output TPD after the 
positive edge of ClK, which was used to clock in the last 
address bit (AO). Therefore, care must be taken if 01and 
DO are connected together as a bus contention will 
occur for one clock cycle if AO is a one. 


DO will go into HIGH-Z mode with the positive edge of 
the next ClK cycle. 
This follows the output of the last 
data bit DOor the negative edge of CS, whichever occurs 
first. 
DO remains stable between ClK cycles for an 
unlimited time as long as CS stays HIGH. 


The most significant data bit (015 or 07) is always output 
first, followed by the lower significant bits (014 - DOor 06 
- DO). 
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The WRITE instruction is followed by 8 or 16 bits of data 
which are written into the specified address. 
The most 
significant data bit (015 or 07) has to be clocked in first 
followed by the lower significant data bits (014 - DOor 
06 - DO). If a WRITE instruction is recognized by the 
device and all data bits have been clocked in, the device 
performs an automatic 
erase cycle on the specified 


address before the data are written. The WRITE cycle 
is completely self timed and commences automatically 
after the rising edge of the ClK signal for the last data bit 
(DO). 


The WRITE cycle takes 1 ms maximum for 8-bit mode 
and 2 ms maximum for 16-bit mode. 
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The device is automatically in the ERASElWRITE 
Dis- 
able mode (EWDS) after power-up. Therefore, EWEN 
instruction has to be performed 
before any WRITE, 


ERAl, or WRAl 
instruction is executed by the device. 


For added data protection, the device should be put in 
the ERASElWRITE 
Disable mode (EWDS) after pro- 
gramming operations are completed. 
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HIGH-Z 


ERASE All (ERALl 


The entire chip will be erased to logical '1s' 
if this 
instruction is received by the device and it is in the 
EWEN mode. The ERAl cycle is completely self-timed 
and commences after the rising edge of the elK 
signal 
for the last dummy address bit. 
ERAl 
takes 15 ms 


maximum. 
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NEW INSTRUCTION 
OR STANDBY (CS = 0) 


The entire chip will be written with the data specified in 
that command. 
The WRAL cycle is completely self- 
timed and commences after the last data bit (DO) has 
been clocked in. WRAL takes 15 ms maximum. 


Note: 
The WRAL does not include an automatic ERASE 
cycle for the chip. Therefore, the WRAL instruc- 
tion must be preceded by an ERAL instruction 
and the chip must be inthe EWEN status in both 
cases. The WRAL instruction is used for testing 
and/or device initialization. 
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NEW INSTRUCTION 
J 
OR STANDBY (CS = 0) 
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NOTE: 
ORGANIZATION 


128x8 
64x 16 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


59C11 - I I P~-, 


Temperature 
Blank 
Range: 
I 
E 


CERDIP 
Plastic DIP 
Plastic SOIC (0.150 mil Body) 
Plastic SOIC (0.207 mil Body) 


O°C to +70°C 
-400C to +85OC 
-400C to +125°C 


1K CMOS Serial EEPROM 
1K CMOS Serial EEPROM 
(in Tape & Reel) 


85C72/82/92 


• Low power CMOS technology 
• Two wire serial interface bus, i2CTMcompatible 


• 5 volt only operation 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer 
• 1ms write cycle time for single byte 
• 
100,000 erase/write cycles 
• Data retention >40 years 
• 8-pin DIP or SOIC package 
• Available for extended temperature ranges: 


-Commercial: 
O'C to +70'C 
-Industrial: 
-40'C to +85'C 
-Automotive: 
-40'C to +125'C 


85C72 
85C82 
85C92 


Oraanization 
128 x 8 
256 x 8 
2x256x8 


Page Write Buffer 
2 Bytes 
2 Bytes 
8 Bytes 


85C72 
85C82 
85C92 


The Microchip 
Technology 
Inc. 85C72182192 
is a 
1Kl2K14K bit Electrically Erasable PROM. The device 
is organized as shown with a two wire serial interface. 
Advanced CMOS technology allows a significant reduc- 
tion in power over NMOS serial devices. The 85C721821 
92 also has a page-write capability for up to 8 bytes of 
data (see chart). 
Up to eight 85C72182192s may be 
connected to the two wire bus. 
The 85C72182192 
is 
available in standard 8-pin 01P and surface mount SOIC 
packages. 


SOIC Packages 
NC 
NC 


AO 
Vcc 


A1 
NC 
VCC 
NC 
NC 


NC 
A2 
SCL 


SCl 
Vss 
SDA 


SDA 
NC 
NC 


85C72 
85C92 
85C82 
85C92 
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Vee 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.6V to Vee +1.0V 
Storage temperature 
-6S'C to +1S0'C 
Ambient temp. with power applied 
-6S'C to +12S'C 
Soldering temperature of leads (10 seconds) . +300'C 
ESD protection on all pins 
4 kV 


-Notice: 
Stresses 
above 
those 
listed 
under 
"'Maximum 
ratings" 
may 
cause permanent 
damage 
to the device. 
This is a stress rating only and 


functional 
operation 
of the device at those or any other conditions 
above 


those 
indicated 
in the operational 
listings 
01 this specification 
is not 


implied. 
Exposure 
10 maximum 
raling conditions 
lor extended 
periods 
may affect device 
reliability. 


- - 
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Name 
Function 


AO, A1, A2 
Chip Address Inputs 


Vss 
Ground 
SDA 
Serial Address/Data Input/Output 
SCL 
Serial Clock 
NC 
No Connect 
Vee 
+SV Power Supply 


Vee = +SV (±10%) 
DC CHARACTERISTICS 
Commercial 
(C): Tamb = 
0'Cto+70'C 
Industrial 
(I): Tamb = -40'C to +85'C 
Automotive 
(E): Tamb = -40'C to +12S'C 
(Note 2) 


Parameter 
Symbol 
Mln 
Max 
Units 
Conditions 


Vee detector threshold 
VTH 
2.8 
4.S 
V 


SCL and SDA pins: 


High level input voltage 
VIH 
Vee x 0.7 
Vee + 1 
V 
Low level input voltage 
VIL 
-0.3 
Vee xO.3 
V 
Low level output voltage 
VOL 
0.4 
V 
IOL= 3.2 mA (SDA only) 


AO, A1 & A2 pins: 


High level input voltage 
VIH 
Vee - O.S 
Vee + O.S 
V 
Low level input voltage 
VIL 
-0.3 
O.S 
V 


Input leakage current 
III 
- 
10 
!!A 
VIN = OVto Vcc 


Output leakage current 
ILO 
;- 
10 
!!A 
VOUT= OV to Vcc 


Internal capacitance 
CINT 
- 
7.0 
pF 
VINlVoUT = OV (Note 1) 


(all inputs/outputs) 
Temb = +2S'C, f = 1 MHz 


Operating current 
leeo 
- 
3.S 
mA 
FeLK= 100kHz, program cycle time = 1 ms, 
Vee = SV, Tamb = O'C to +70'C 
4.2S 
mA 
FeLK= 100kHz, program cycle time = 1 ms, 


- 
Vee = SV, Tamb = (I) and (E) 
read cycle 
leeR 
750 
!!A 
Vee= SV, Tamb = (C), (I) and (E) 


Standby current 
Ices 
- 
100 
!!A 
SDA = SCL = Vee = SV (no PROGRAM active) 


Note 1: This parameter is periodically sampled and not 100% tested. 
Note 2: For operation above 85°C, endurance is rated at 10,000 ERASElWRITE cycles 
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AC CHARACTERISTICS 


Parameter 
Symbol 
Mln 
Typ 
Max 
Units 
Remarks 


Clock frequency 
FCLK 
- 
- 
100 
kHz 


Clock high time 
THIGH 
4000 
- 
- 
ns 


Clock low time 
TLOW 
4700 
- 
- 
ns 


SDA and SCL rise time 
TR 
- 
- 
1000 
ns 


SDA and SCL fall time 
TF 
- 
- 
300 
ns 


START condition hold time 
THD:STA 
4000 
- 
- 
ns 
After this period the first 
clock pulse is generated 


START condition setup time 
TSU:STA 
4700 
- 
- 
ns 
Only relevant for repeated 
START condition 


Data input hold time 
THD:DAT 
0 
- 
- 
ns 


Data input setup time 
TSU:DAT 
250 
- 
- 
ns 


Data output delay time 
TPD 
300 
- 
3500 
ns 
See Note 1 


STOP condition setup time 
TSU:STO 
4700 
- 
- 
ns 


Bus free time 
TBUF 
4700 
- 
- 
ns 
Time the bus must be free 
before a new transmission 
can start 


Input filter time constant 
TI 
- 
- 
100 
ns 
(SDA and SCL pins) 


Program cycle time 
Twc 
- 
.4 
1 
ms 
Byte Mode 
AN 
N 
ms 
Page Mode, N = # of bytes 
to be written 


Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (minimum 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


works as slave. Both, master and slave can operate as 
transmitter or receiver, but the master device deter- 
mines which mode is activated. 


Up to eight 85C72182192scan be connected to the bus, 
selected by the AG, A1 and A2 chip address inputs. 
Other devices can be connected to the bus, but require 
different device codes than the 85C72182192 (refer to 
section Slave Address). 


The 85C721B2I92 supports a bidirectional two wire bus 
and data transmission protocol. 
A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 85C72182192 


•• 


The following bus protocol 
has been defined: 


- 
Data transfer may be initiated only when the bus is not 
busy. 


- 
During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes inthe data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions 
have been 


defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start pata Transfer (B) 


A HIGHto LOW transition of the SDA line while the clock 
(SCL) is HIGH determines 
a START condition. 
All 


commands must be preceded by a START condition. 


Stop pata Transfer (C) 


A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


The state of the data line represents valid data when, 
after a start condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred 
between the START and 


STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: 
The 85C72182192does not generate 
any ac- 


knowledge 
bits If an internal 
programming 


cycle Is In progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge 
related clock pulse. 
Of course, 


setup and hold times must be taken into account. 
A 


master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out olthe slave. Inthis case the slave must 
leave the data line HIGH to enable the master to gener- 
ate the STOP condition. 


ADDRESS 
DATA ALLOWED 
OR 
TO CHANGE 
ACKNOWLEDGE 
VALID 


The chip address inputs AO,A1 and A2 of each 85C721 
82192 must be extemally connected to either Vcc or 
ground (Vss), assigning to each 85C72182192 a unique 
3-bit address. 
Up to eight 85C72182192s 
may be 
connected to the bus. 
Chip selection is then accom- 
plished through software by setting the bits AO, A1 and 
A2 ofthe transmitted slave address to the corresponding 
hardwired logic levels of the selected 85C72182192. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C72182192, followed by the chip 
address bits AO, A1 and A2. In the 85C92 the seventh 
bit of that byte (SA) is used to select the upper block 
(addresses 100- 1FF) or the lower block (000 - FFF) of 
the array. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C72182192 (see 
Figure 2). 


The 85C72182192 monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a 
programming mode. 


START 
/'q: 
/// 


In this mode the master sends addresses and one data 
byte to the 85C72182192. 


Following the START condition, the.Q.evicecode (4-bit), 
the slave address (3-bit), and the RIW bit, which is logic 
LOW, are placed onto the bus by the master. 
This 
indicates to the addressed 85C72182192 that a byte with 
a word address will follow after it has generated an 
acknowledge bit. Therefore, the next byte transmitted 
by the master is the word address and will be written into 
the address pointer of the 85C72182192. 
After receiving 
the acknowledge of the 85C72182192, the master device 
transmits the data word to be written into the addressed 
memory location. The 85C72182192 acknowledges again 
and the master generates a STOP condition. 
This 
initiates the intemal programming cycle of the 85C721 
82192 (see Figure 3). 


To program the 85C72182192, 
the master sends ad- 
dresses and data to the 85C72182192 which is the slave 
(see Figure 3). 
This is done by supplying a START 
condition followed by the 4-bit device code, the 3-bit 
slave address, and the RJW bit which is defined as a logic 
LOW for a write. This indicates to the addressed slave 
that a word address will follow so the slave outputs the 
acknowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 85C721 
82192, it places it inthe lower 8 bits of the address pointer 
defining which memory location is to be written. 
The 
85C72182192 will generate an acknowledge after every 
8 bits received and store them consecutively in a 2-byte 
RAM until a stop condition is detected which initiates the 
internal programming cycle. 
If more than 2 bytes are 
transmitted by the master, the 85C72182192 will termi- 
nate the write cycle. 
This does not affect erase/write 
cycles of the EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point 'P' on Figure 3), byte 
programming mode is entered. 


The intemal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 


• 


85C72182192 


cycJe";"mTs-canDe USe<] to detennine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). 
Once the stop condition for a write com- 


mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. 
This involves 
the master 


sending a start condition followed by the control byte for 
a write command (RJW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. Ifthe cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. 
See Figure 4 for flow diagram. 


the 85C72/82/92. 


As can be seen from Figure 5, the masterfirst sets up the 
slave and word addresses 
by doing a write. 
(Note: 


Although this is a read mode, the address pointer must 
be written to.) During this period the 85C72/82/92 gen- 
erates the necessary acknowledge bits as defined in the 
appropriate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the readlwrite bit is set into the read mode. 
After the 


slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, 
increments the address pointer and, if it receives an 
acknOWledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is only 
aborted 
when the master sends a STOP condition 
instead of an acknowledge. 


Note: 
Ifthe master knows where the address pointer is, 
it can begin the read sequence 
at point 'R' 


indicated on Figure 5 and save time transmitting 
the slave and word addresses. 


Note: 
In all modes, the address pointer will automati- 
cally incrementfrom the end of the memory block 
(256 byte) back to the first location in that block. 


AQ. A1 and A2 Chip Address 
Inputs 


The levels on these 
inputs are compared 
with the 
corresponding 
bits in the slave address. 
The chip is 
selected if the compare is true. For 85C92, AO is no 
function. 


Up to eight 85C72182s or four 85C92s can be connected 
to the bus. 


These inputs must be connected to either Vss or Vee. 


SPA Serial 
AddresslData 
Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis- 
tor to Vee (typical 1OKn). For normal data transfer SDA 
is allowed to change only during SCL LOW. Changes 
during SCL HIGH are reserved for indicating the START 
and STOP conditions. 


This input is used to synchronize the data transfer from 
and to the device. 


Notes: 


1. A 'page' is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
85C72182 page is 2 bytes long and the 85C92 page 
is 8 bytes long. 


2. A 'block' is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the 
first location in the same block. The 85C72182 has 
only one block (256 bytes), while the 85C92 has two 
blocks of 256 bytes each. 


•• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART 
NUMBERS 


85C82 
- IP 


~ 


PACKAGE: 
J 
CERDIP 
P 
Plastic DIP 
SM 
Plastic SOIC (207 mil BOdt)8-Lead 


SL 
Plastic SOIC 14-Lead (8S 92 only) 


I 


TEMPERATURE 
Blank 
O·Cto +70·C 
RANGE: 
I 
-40·C to +8S"C 
E 
-40"C to +12S"C 


DEVICE: 
8SC72 
1K CMOS Serial EEPROM 
I 
8SC72T 
1K CMOS Serial EEPROM (in Tape & Reel) 


8SC82 
2K CMOS Serial EEPROM 
8SC82T 
2K CMOS Serial EEPROM (in Tape & Reel) 


8SC92 
4K CMOS Serial EEPROM 
8SC92T 
4K CMOS Serial EEPROM (in Tape & Reel) 


93C06/46 


• Low power CMOS technology 
• 16 bit memory organization 
-16 
x 16 bit organization (93C06) 
- 
64 x 16 bit organization (93C46) 
• Single 5 volt only operation 
• Self-timed ERASE and WRITE cycles 
• Automatic ERASE before WRITE 
• Power on/off data protection circuitry 
• 
1,000,000 ERASElWRITE cycles (typical) 
• Data Retention> 
40 years 
• 8-pin DIP or SOIC package 
• Available for extended temperature ranges: 


- 
Commercial: O'C to +70'C 
- 
Industrial: -40'C to +85'C 
- 
Automotive: -40'C to +125'C 
• 2 ms program cycle time 


The Microchip Technology Inc. 93C06/46 family of Se- 
rial Electrically Erasable PROMs are configured in a x16 
organization. Advanced CMOS technology makes these 
devices ideal for low-power non-volatile memory appli- 
cations. The 93C06/46 is available in the standard 8-pin 
DIP and surface mount SOIC packages. 
The 93C46X 
comes as SOIC only. 


These devices offer fast (1 ms) byte write and extended 
(-40°C to 125°C) temperature operation. 
It is recom- 
mended that all other applications 
use Microchip's 
93LC46. 


PIN CONFIGURATION 


DIP Package 
SOIC Packages 


cs 
Vcc 
cs 
Vcc 
NC 
NC 


CLK 
NC 
CLK 
NC 
vcc 
vss 


DI 
NC 
DI 
NC 
cs 
DO 


DO 
Vss 
DO 
Vss 
CLK 
DI 


93C06 
93C06 
93C46X 
93C46 
93C46 
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Maximum Ratings· 


Vee 
7.OV 
All inputs and outputs w.r.t. Vss 
-0.6V to Vee +1.0V 
Storage temperature 
-6SoCto +1S0°C 
Ambient temperature with 
power applied 
-6S·C to +12SC 
Soldering termperature of leads (10 seconds) .. +300°C 
ESO protection on all pins 
4 kV 


"Notice: 
Stresses 
above 
those 
listed 
under 
·Maximum 
ratings" 
may 


cause permanent 
damage 
to the device. 
This is a stress rating only and 
functional 
operation 
of the device at those or any other cond~ions 
above 


those 
indicated 
in the 
operational 
listings 
of this specifocation 
is not 


implied. 
Exposure 
to maximum 
rating conditions 
for extended 
periods 
may affect device 
reliabil~. 


PIN FUNCTION TABLE 


Name 
Function 


CS 
Chip Select 
ClK 
Serial Clock 
01 
Data In 
DO 
Data Out 
vss 
Ground 
NC 
No Connect; No Internal 
Connection 
Vee 
+SV Power Supply 


Vee = +SV (±10%) 
Commercial: 
Tamb= 
O°Cto +70°C 
DC CHARACTERISTICS 
Industrial: 
Tamb = -40°C to +8SoC 
Automotive: 
Tamb = -40°C to +12SoC (Note 3) 


Parameter 
Symbol 
Mln 
Max 
Units 
Conditions 


Vee detector threshold 
VTH 
2.8 
4.S 
V 


High level input voltage 
VIH 
2.0 
Vee + 1 
V 


low level input voltage 
VIL 
-0.3 
0.8 
V 


High level output voltage 
VOH 
2.4 
- 
V 
IOH= -400 lJ,A 


low level output voltage 
VOL 
- 
0.4 
V 
IOL= 3.2 mA 


Input leakage current 
ILl 
- 
10 
lJ,A 
VIN = OVto Vee (Note 1) 


Output leakage current 
ILO 
- 
10 
lJ,A 
VOUT = OVto Vee (Note 1) 


Internal capacitance 
CINT 
- 
7 
pF 
VINlVoUT= OV (Note ~ 
(all inputs/outputs) 
Tamb = +2S"C, f = 1 
Hz 


Operating current 
Ice write 
- 
4 
mA 
FeLK = 1 MHz, Vee = S.SV 
(all modes) 


Standby current 
Ices 
- 
100 
lJ,A 
CS = OV, Vee = S.SV 


Note 1: Internal resistor pull-up at Pin 6. 
Note 2: This parameter is periodically sampled and not 100% tested. 
Note 3: For operation above 8SoC, endurance is rated at 10,000 ERASElWRITE cycles. 


, 


AC CHARACTERISTICS 


Parameter 
Symbol 
Mln 
Max 
Units 
Conditions 


Clock frequency 
Fcu< 
1 
MHz 


Clock high time 
TCKH 
500 
- 
ns 


Clock low time 
TCKL 
500 
- 
ns 


Chip select setup time 
Tcss 
50 
- 
ns 


Chip select hold time 
TCSH 
0 
- 
ns 


Chip select low time 
, 


TCSL 
100 
- 
ns 


Data input setup time 
TOls 
100 
- 
ns 


Data input hold time 
TOIH 
100 
- 
ns 


Data output delay time 
Tpo 
- 
400 
ns 
Cl= 
100 pF 


Data output disable time (from CS = low) 
Tcz 
0 
100 
ns 
Cl= 
100 pF 


Data output disable time (from last clock) 
Tooz 
0 
400 
ns 
Cl= 
100 pF 


Status valid time 
Tsv 
- 
100 
ns 
Cl= 
100 pF 


Program cycle time (Auto Erase and Write) 
Twc 
- 
2 
ms 
15 
ms 
for ERAl and WRAl 


Erase cycle time 
TEC 
- 
1 
ms 


Endurance 
- 
100,000 
- 
ElWCycies 


A HIGH level selects the device. A lOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought lOW during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be lOW for 100 ns minimum (TCSL)between 
consecutive 
instructions. 
If CS is lOW, 
the internal 
control logic is held in a RESET status. 


Serial Clock (ClK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C06/46. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of ClK. 


ClK 
can be stopped anywhere 
in the transmission 
sequence (at HIGH or lOW level) and can be continued 
anytime (with respect to clock HIGH time (TCKH)and 
clock lOW time (TCKL).This gives the controlling master 
freedom in preparing opcode, address and data. 


ClK is a 'Don't Care' if CS is lOW (device deselected). 
If CS is HIGH, but STARTcondition has not been de- 
tected, any number of clock cycles can be received by 
the device without changing its status. (Le., waiting for 
START condition). 


ClKcycles 
are not required during the self-timed WRITE 
(Le., auto ERASElWRITE) cycle. 


After detection of a start condition, the specified number 
of clock cycles (respectively lOW to HIGH transitions of 
ClK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). 
ClK 
and 01 then become 'Don't Care' 
inputs waiting for a new start condition to be detected. 


Note: CS must go lOW between consecutive instruc- 
tions. 


Data In (01) 


Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the ClK input. 


Data Out COO) 


Data Out is used in the READ mode to output data 
synchronously with the ClK input (Tpo after the positive 
edge of ClK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. 
READY/BUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being lOW 
for minimum chip select lOW 
time (TCSL) from the falling edge of the ClK 
which 
clocked in the last 01 bit (DOfor WRITE, AOfor ERASE) 
and an ERASE or WRITE operation has been initiated. 


The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE cycle. 
In all other cases DO is in the HIGH-Z mode. If status is 
checked after the WRITE/ERASE cycle, a pull-up resis- 
tor on DO is required to read the READY signal. 


01 and DO can be connected together to perform a 3- 
wire interface (CS, CLK, 01/00). 


Care must be taken with the leading dummy zero which 
is outputted after a READ command has been detected. 
Also, the controlling device must not drive the 01/00 bus 
during Erase and Write cycles if the READY/BUSY 
status information is outputted by the 93C06/46. 


INSTRUCTION 
SET - 93C06 


Start 
Opcode 
Numberof 
Instruction 
BIT 
OP10P2 
Address 
Data In 
Data Out 
Req. CLKCycles 


READ 
1 
1 
0 
0 
0 
A3 A2 
A1 
AO 
- 
015-00 
25 


WRITE 
1 
0 
1 
0 
0 
A3 A2 
A1 
AO 
015-00 
(ROY/BSY) 
25 


ERASE 
1 
1 
1 
0 
0 
A3 A2 
A1 
AO 
- 
(ROY/BSY) 
9 


EWEN 
1 
0 
0 
1 
1 
X 
X 
X 
X 
- 
High-Z 
9 


EWOS 
1 
0 
0 
0 
0 
X 
X 
X 
X 
- 
High-Z 
9 


ERAL 
1 
0 
0 
1 
0 
X 
X 
X 
X 
- 
(ROY/BSY) 
9 


WRAL 
1 
0 
0 
0 
1 
X 
X 
X 
X 
015-00 
(ROY/BSY) 
25 


INSTRUCTION 
SET - 93C46 


Start 
Opcode 
Numberof 
Instruction 
BIT 
OP1OP2 
Address 
Data In 
Data Out 
Req. CLKCycles 


READ 
1 
1 
0 
A5 
A4 
A3 A2 
A1 
AO 
- 
015 - DO 
25 


WRITE 
1 
0 
1 
A5 
A4 
A3 A2 
A1 
AO 
015-00 
(ROY/BSY) 
25 


ERASE 
1 
1 
1 
A5 
A4 
A3 A2 
A1 
AO 
- 
(ROY/BSY) 
9 


EWEN 
1 
0 
0 
1 
1 
X 
X 
X 
X 
- 
High-Z 
9 


EWOS 
1 
0 
0 
0 
0 
X 
X 
X 
X 
- 
High-Z 
9 


ERAL 
1 
0 
0 
1 
0 
X 
X 
X 
X 
- 
(ROY/BSY) 
9 


WRAL 
1 
0 
0 
0 
1 
X 
X 
X 
X 
015-00 
(ROY/BSY) 
25 


START 
Condition 


The START bit is detected by the device if CS and 01are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and 01 
may change in any combination 
(except to that of a 
START condition), without resulting inany device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). 
As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (Le., clock in or out of 
the last required address 
or data bit) 
CLK and 01 
become don't care bits until a new start condition is 
detected. 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO,the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all modes of operation are inhibited 
until Vcc has reached 2.8V. 
During power-down, the 
source data protection circuitry acts to inhibit all modes 
when Vcc has fallen below 2.8V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWOS 
mode. 
Therefore, an EWEN instruction must be per- 


formed before any ERASE or WRITE instruction can be 
executed. After programming is completed, the EWOS 
instruction offers added protection against unintended 
data changes. 


DO remains stable between ClK cycles for an unlimited 
time as long as CS stays HIGH. 


The most significant data bit (015) is always output first, 
followed by the lower significant bits (014 - DO). 


WRITE 
Mode 


The WRITE 
instruction is followed by 16 bits of data 


which are written into the specified address. 
The most 


significant data bit (015) 
has to be clocked 
in first, 


followed by the lower significant data bits (014 - DO). If 
a WRITE instruction is recognized by the device and all 
data bits have been clocked in, the device performs an 
automatic ERASE cycle on the specified address before 
the data are written. The WRITE cycle is completely self- 
timed and commences 
automatically 
after the rising 


edge of the ClK for the last data bit (DO). 


The WRITE cycle takes 2 ms maximum. 


READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy bit 
(logical 0) precedes the 16-bit output string. The output 
data changes during the HIGH state of the system clock 
(ClK). 
The dummy bit is output TPO after the positive 


edge of ClK, which was used to clock inthe last address 
bit (AO). Therefore, care must be taken if 01and DO are 
connected together as a bus contention will occur for 
one clock cycle if AO has been a one. 


DO will go into HIGH-Z mode with the positive edge of 
the next ClK cycle. 
This follows the output of the last 


data bit DO or the low going edge of CS, which ever 
occurs first. 
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The ERASE instruction forces all the data bits of the 
specified address to logical '1s'. 
The ERASE cycle is 
completely 
self-timed and commences 
automatically 
after the last address bit has been clocked in. 


The ERASE cycle takes 1 ms maximum. 
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NEW INSTRUCTION 
OR STANDBY (CS = 0) 


The device is automatically in the ERASElWRITE 
Dis- 
able mode (EWDS) after power-up. 
Therefore, 
an 
EWEN instruction 
has to be performed 
before any 
ERASE, WRITE, ERAL, WRAL instruction is executed 


by the device. 
For added data protection, the device 
should be put in the ERASElWRITE 
Disable mode 
(EWDS) after programming operations are completed. 
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NEW INSTRUCTION 
OR STANDBY (CS = 0) 


sa/\ 


The entire chip will be erased to logical '1s' 
if this 
instruction is received by the device and it is inthe EWEN 
mode. 
The ERAl 
cycle is completely self-timed and 


commences after the last dummy address bit has been 
clocked in. 


ERAl takes 15 ms maximum. 


..- 
I 
I 


Note: 
The WRAl does not include an automatic ERASE 
cycle for the chip. Therefore, the WRAl 
instruc- 


tion must be preceded by an ERAl 
instruction 


and the chip must be in the EWEN status in both 
cases. 


The WRAl 
instruction is used for testing and/or device 


initialization. 


The entire chip will be written with the data specified in 
that command. 
The WRAl 
cycle is completely self- 


timed and commences after the rising edge of the elK 
for the last data bit (DO). WRAl takes 15 ms maximum. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


93C06I46 
·1 IP~-, 


J 
CERDIP 
P 
Plastic 
DIP 
SN 
Plastic 
SOIC (150 mil Body) 
SM 
Plastic 
SOIC (207 mil Body) 
iTemperature 
Blank 
O°C to +70°C 
Range: 
[ 
-40°C to +85°C 
E 
-40°C to +125°C 


Device: 
93C06 
256 bit CMOS Serial EEPROM 
93C46 
1K CMOS Serial EEPROM 
93C46X 
1K CMOS Serial EEPROM with 
alternate pinouts (in SN package only) 


93C06T 
(in Tape and Reel) 
93C06/46T 
(in Tape and Reel) 
93C46XT 
(in Tape and Reel) 


93C56/66 


• Low power CMOS technology 
• ORG pin selectable memory organization 
- 
256 x 8 or 128 x 16 bit organization (93C56) 
- 
512 x 8 or 256 x 16 bit organization (93C66) 
• Single 5 volts only operation 
• Max clock at 2 MHz 
• Self-timed ERASE and WRITE cycles 
• Automatic ERASE before WRITE 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial 1/0 
• Device status signal during ERASElWRITE cycles 
• Sequential READ function 
• 
1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 
40 years 
• 8-pin PDIP/SOIC packages 


(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 
Commercial: 
O'C 
to + 70'C 
- 
Industrial: 
-40'C 
to +85'C 
- 
Automotive: 
-40'C 
to +125'C 
• 
1 ms byte write time 


PIN CONFIGURATION 


DIP Package 


cs 
Vex 


CLK 
NU 


01 
ORG 


DO 
Vss 


93C56 
93C66 


The Microchip Technology Inc. 93C56/66 family of Se- 
rial EEPROMs are configurable 
to either x16 or x8 
organization. The ORG pin is used to select the desired 
configuration. Advanced CMOS technology makes this 
device ideal for low-power non-volatile memory applica- 
tions. The 93C56/66 are available in the standard 8-pin 
DIP and 8-pin surface mount SOIC package. 


This device offers fast (1 ms) byte write and extended 
(-40°C to 125°C) temperature operation. 
It is recom- 


mended that all other applications 
use Microchip's 
93LC56193LC66. 


SOIC Package 


cs 
Vex 


CLK 
TEST 


01 
ORG 


DO 
VSS 


93C56 
93C66 
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Maximum Ratings· 


vcc 
7.OV 
All inputs and outputs w.r.t. Vss 
-o.6V to Vcc +1.0V 
Storage temperature 
-65'C to +150'C 
Ambient temp. with power applied 
-65'C to +125'C 
Soldering temperature of leads (10 seconds). 
+3OO'C 
ESD protection on all pins 
3 kV 


'Notice: 
Stresses 
above 
those 
listed 
under 
"Maximum 
ratings' 
may 
cause permanent 
damage to the device. 
This is a stress rating only and 


functional 
operation 
of the device at those or any other conditions 
above 
those 
indicated 
in the operational 
listings 
of this specification 
is not 
implied. 
Exposure 
to maximum 
rating cond~ions 
for extended 
periods 
may affect device 
reliabil~. 


PIN FUNCTION 
TABLE 


Name 
Function 


CS 
Chip Select 
CLK 
Serial Data Clock 
DI 
Serial Data Input 
DO 
Serial Data Output 
Vss 
Ground 
ORG 
Memory Array Organization 
Test 
Connect to Vss or Vcc 
Vcc 
Power Supply +5V 


DC AND 
AC ELECTRICAL 
Commercial 
(C): 
Tamb = 
O'Cto +70'C 
vcc = +5V (±10%) 
CHARACTERISTICS 
Industrial 
(I): 
Tamb = -40'C to +85'C 
Vcc = +5V (±10%) 
(Note 2) Automotive 
(E): 
Tamb = -40'C to +125'C 
vcc = +5V (±10%) 


Parameter 
Symbol 
Mln 
Max 
Units 
Conditions 


Vcc detector threshold 
VTH 
2.3 
4.5 
V 


High level input voltage 
VIH 
2.0 
Vcc+ 
1 
V 


Low level input voltage 
VIL 
-0.3 
0.8 
V 


High level output voltage 
VOH 
2.4 
V 
IOH= -400 1lA 


Low level output voltage 
VOL 
- 
0.4 
V 
IOL= 2.1 mA 


Input leakage current 
III 
- 
10 
1lA 
VIN= OVto Vcc 


Output leakage current 
ILO 
- 
10 
1lA 
VOLrr= OVto Vcc 


Output capacitance 
COUT 
- 
7 
pF 
VINNoUT= OV; Note 1 


Input capacitance 
CIN 
- 
7 
pF 
VINNoLrr = OV; Note 1 


Operating current (all modes) 
Iccwrite 
- 
4 
mA 
FCLK= 2 MHz; Vcc = 5.5V 


Standby current 
Iccs 
- 
130 
1lA 
CS = OV; Vcc = 5.5V; x 8 org 
- 
- 
100 
1lA 
CS = OV; Vcc = 5.5V; x 16 org 


Endurance 
- 
100,000 
- 
ENlCycles 


Clock frequency 
FCLK 
2 
MHz 


Clock high time 
TCKH 
250 
- 
ns 


Clock low time 
TCKL 
250 
:- 
ns 


Chip select setup time 
Tcss 
50 
- 
ns 
Relative to CLK 


Chip select hold time 
TCSH 
0 
- 
ns 
Relative to CLK 


Chip select low time 
TCSL 
100 
- 
ns 


Data input setup time 
TOls 
100 
- 
ns 
Relative to CLK 


Data input hold time 
TOIH 
100 
- 
ns 
Relative to CLK 


Data output delay time 
Tpo 
- 
400 
ns 
CL= 100 pF 


Data output disable time 
Tcz 
- 
100 
ns 
CL= 100 pF 


Status valid time 
Tsv 
- 
100 
ns 
CL= 100 pF 


Program cycle time 
Twc 
- 
1 
ms 
(x 8 organization) 


(auto ERASE and WRITE) 
- 
2 
ms 
(x 16 organization) 


Tec 
- 
15 
ms 
ERAL & WRAL mode 


Note 1: 
This parameter is lesled al Tamb = 2S'C and FCLK = 1 MHz. 
II is periodically sampled and noI100% 
lesled. 


Nole 2: 
For operalion 
above 8S'C, endurance is raled al10,OOO ERASElWRITE 
cycles. 


ORG = 1 (x 16 organization) 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. CLK Cycles 


READ 
1 
10 
X 
A6 A5 A4 A3 A2 A1 AO 
- 
015 - DO 
27 


EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 


ERASE 
1 
11 
X 
A6 A5 A4 A3 A2 A1 AO 
- 
(ROY/BSY) 
11 


ERAl 
1 
00 
1 
0 
X 
X 
X 
X 
X 
X 
- 
(ROY/BSY) 
11 


WRITE 
1 
01 
X 
A6 A5 A4 A3 A2 A1 AO 
015 - DO 
(ROY/BSY) 
27 


WRAl 
1 
00 
0 
1 
X 
X 
X 
X 
X 
X 
015 - DO 
(ROY/BSY) 
27 


EWOS 
1 
00 
0 
0 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 


ORG = 0 (x 8 organization) 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK Cycles 


REAO 
1 
10 
X 
A7 A6 A5 A4 A3 A2 A1 AO 
- 
07- 00 
20 


EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 


ERASE 
1 
11 
X 
A7 A6 A5 A4 A3 A2 A1 AO 
- 
(ROY/BSy) 
12 


ERAl 
1 
00 
1 
0 
X 
X 
X 
X 
X 
X 
X 
- 
(ROY/BSy) 
12 


WRITE 
1 
01 
X 
A7 A6 A5 A4 A3 A2 A1 AO 
07 - 00 
(ROY/BSY) 
20 


WRAl 
1 
00 
0 
1 
X 
X 
X 
X 
X 
X 
X 
07 - 00 
(ROY/BSY) 
20 
EWOS 
1 
00 
0 
0 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 


ORG = 1 (x 16 organization) 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK Cycles 


REAO 
1 
10 
A7 A6 A5 A4 A3 A2 A1 AO 
- 
015- 00 
27 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 
ERASE 
1 
11 
A7 A6 A5 A4 A3 A2 A1 AO 
- 
(ROY/BSY) 
11 


ERAl 
1 
00 
1 
0 
X 
X 
X 
X 
X 
X 
- 
(ROY/BSY) 
11 
WRITE 
1 
01 
A7 A6 A5 A4 A3 A2 A1 AO 
015 - 00 
(ROY/BSY) 
27 


WRAl 
1 
00 
0 
1 
X 
X 
X 
X 
X 
X 
015 - 00 
(ROY/BSY) 
27 
EWOS 
1 
00 
0 
0 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 


ORG = 0 (x 8 organization) 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK Cycles 


REAO 
1 
10 
A8 A7 A6 A5 A4 A3 A2 A1 AO 
- 
07 - 00 
20 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 
ERASE 
1 
11 
A8 A7 A6 A5 A4 A3 A2 A1 AO 
- 
(ROY/BSY) 
12 
ERAl 
1 
00 
1 
0 
X 
X 
X 
X 
X 
X 
X 
- 
(ROY/BSV) 
12 
WRITE 
1 
01 
A8 A7 A6 A5 A4 A3 A2 A1 AO 
07 - 00 
(ROY/BSY) 
20 
WRAl 
1 
00 
0 
1 
X 
X 
X 
X 
X 
X 
X 
07 - 00 
(ROY/BSY) 
20 
EWOS 
1 
00 
0 
0 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 
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The 93C56166 
family 
can be organized 
x16 or xS. When 
the ORG 
pin is connected 
to VCC, the (x16) organization 
is selected. 
When 
it is connected 
to ground, 
the 
(xS) 
organization 
is selected. 
If the ORG 
pin is left uncon- 
nected, 
then 
an 
internal 
pullup 
device 
will 
select 
the 


(x16) 
organization. 
Instructions, 
addresses 
and 
write 
data are clocked 
into the 01 pin on the rising 
edge 
of the 
clock 
(ClK). 
The 
DO pin is normally 
held 
in a high-Z 
state except 
when 
reading 
data from the device, 
orwhen 
checking 
the readylbusy 
status 
during 
a programming 
operation. 
The readylbusy 
status 
can be verified 
during 
an EraselWrite 
operation 
by polling 
the DO pin; DO low 
indicates 
that programming 
is still in progress, 
while 
DO 


high indicates 
the device 
is ready. 
The DO will enter 
the 
high-Z 
state 
on the falling 
edge 
of the ClK. 


START Condition 


The START 
bit is detected 
by the device 
if CS and 01 are 
both 
HIGH 
with 
respect 
to the positive 
edge 
of ClK 
for 
the first time. 


Before 
a START 
condition 
is detected, 
CS, ClK, 
and 01 
may 
change 
in any 
combination 
(except 
to that 
of a 
START 
condition), 
without 
resulting 
in any device 
opera- 
tion 
(READ, 
WRITE, 
ERASE, 
EWEN, 
EWDS, 
ERAl, 
and WRAl). 
As soon 
as CS is HIGH, 
the device 
is no 
longer 
in the standby 
mode. 


An instruction 
following 
a START 
condition 
will only 
be 
executed 
if the required 
amount 
of opcode, 
address 
and 
data 
bits for any particular 
instruction 
is clocked 
in. 


After execution 
of an instruction 
(Le., clock 
in or out olthe 
last required 
address 
or data 
bit) ClK 
and 01 become 
don't 
care 
bits until a new 
start condition 
is detected. 


It is possible 
to connect 
the Data 
In and 
Data 
Out pins 
together. 
However, 
with this configuration 
it is possible 
for a "bus conflict" 
to occur 
during 
the "dummy 
zero" that 
precedes 
the 
READ 
operation, 
if AO is a logic 
HIGH 
level. 
Under 
such 
a condition 
the voltage 
level 
seen 
at 
Data Out is undefined 
and will depend 
upon the relative 
impedances 
of Data Out 
and the signal 
source 
driving 
AO. The higher 
the current 
sourcing 
capability 
of AO, the 
higher 
the voltage 
at the Data 
Out pin. 


Data Protection 


During 
power-up, 
all modes 
of operation 
are 
inhibited 
until 
Vcc 
has reached 
2.3 V. 
During 
power-down, 
the 
source 
data protection 
circuitry 
acts to inhibit 
all modes 
when 
Vcc 
has fallen 
below 
2.3 V. 


The 
EWEN 
and EWDS 
commands 
give additional 
pro- 
tection 
against 
accidentally 
programming 
during 
normal 
operation. 


After power-up, 
the device 
is automatically 
in the EWDS 


mode. 
Therefore, 
an EWEN 
instruction 
must 
be per- 


formed 
before 
any ERASE 
or WRITE 
instruction 
can be 


executed. 
After 
programming 
is completed, 
the EWDS 


instruction 
offers 
added 
protection 
against 
unintended 


data changes. 


The 
READ 
instruction 
outputs 
the 
serial 
data 
of 
the 


addressed 
memory 
location 
on the DO pin. 
A dummy 


zero bit precedes 
the 16 bit (x16 organization) 
or S bit (xS 
organization) 
output 
string. 
The 
output 
data 
bits 
will 


toggle 
on the rising edge of the ClK 
and are stable 
after 


the 
specified 
time 
delay 
(Tpo). 
Sequential 
read 
is 
possible 
when 
CS is held 
high. 
The 
memory 
data 
will 


automatically 
cycle 
to the next 
register 
and output 
se- 
quentially. 


ERASElWRITE 
ENABLE AND 
DISABLE 


The 
93C56/66 
powers 
up in the 
EraseIWrite 
Disable 


(EWDS) 
state. 
All programming 
modes 
must 
be pre- 
ceded 
by an 
EraselWrite 
Enable 
(EWEN) 
instruction. 


Once 
the EWEN 
instruction 
is executed, 
programming 
remains 
enabled 
until an EWDS 
instruction 
is executed 
or Vcc 
is removed 
from 
the device. 
To protect 
against 


accidental 
data changes, 
the EWDS 
instruction 
can be 
used 
to disable 
all 
EraselWrite 
functions 
and 
should 
follow 
all 
programming 
operations. 
Execution 
of 
a 
READ 
instruction 
is independent 
of both the EWEN 
and 
EWDS 
instructions. 


The ERASE 
instruction 
forces 
all data bits of the speci- 


fied address 
to the logical 
"1" state. 
CS is brought 
low 
following 
the loading 
of the last address 
bit. 
This falling 
edge of the CS pin initiates 
the self-timed 
programming 
cycle. 


The 
DO pin indicates 
the 
READYIBUSY 
status 
of the 
device 
if CS is brought 
high after 
a minimum 
of 100 ns 
low (TCSL). DO at logical 
"0" indicates 
that programming 
is still in progress. 
DO at logical 
"1" indicates 
that 
the 
register 
at the specified 
address 
has been 
erased 
and 
the device 
is ready 
for another 
instruction. 


The WRITE 
instruction 
is followed 
by 16 bits (or by S bits) 


of data 
which 
are 
written 
into 
the 
specified 
address. 
After 
the last data 
bit is put on the 
01 pin, CS must 
be 


brought 
low before 
the next rising edge of the ClK 
clock. 
This falling 
edge of CS initiates 
the self-timed 
auto-erase 
and programming 
cycle. 


The DO pin indicates the READYIBUSY status of the 
device if CS is brought high after a minimum of 100 ns 
(TcsL). DO at logical '0' indicates that programming is 
still in progress. 
DO at logical '1' 
indicates that the 


register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 


The ERAl instruction will erase the entire memory array 
to the logical '1'. 
The ERAl 
cycle is identical to the 


ERASE cycle exceptforthe 
different opcode. The ERAl 


cycle is completely self-timed and commences at the 
falling edge of the CS. 
Clocking of the ClK 
pin is not 


necessary after the device has entered the self clocking 
mode. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TCSL). 


The WRAl instruction will write the entire memory array 
with the data specified in the command. 
The WRAl 


cycle is completely self-timed and commences at the 
falling edge of the CS. 
Clocking of the ClK 
pin is not 


necessary after the device has entered the self clocking 
mode. 
The WRAl 
command 
does not include an 


automatic ERASE cycle for the device. 
Therefore, the 


WRAl 
instruction must be preceded by an ERAl 
in- 


struction and the chip must be in the EWEN status in 
both cases. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TCSL). 


Chip select (CS) 


A HIGH level selects the device. A lOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought lOW during a program cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be lOW for 100 ns minimum (TCSL)between 
consecutive instructions. 
If CS is lOW, 
the internal 


control logic is held in a RESET status. 


The Serial Clock is used to synchronize the communica- 
tion between amasterdevice andthe 93C56I66. 
Opcode, 


address, and data bits are clocked in on the positive 
edge of ClK. 
Data bits are also clocked out on the 


positive edge of ClK. 


ClK 
can be stopped anywhere 
in the transmission 


sequence (at HIGH or lOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH)and 
clock lOWtime 
(TCKL).This gives the controlling master 
freedom in preparing opcode, address, and data. 


ClK is a 'Don't Care' if CS is lOW (device deselected). 
If CS is HIGH, but START condition 
has not been 


detected, any number of clock cycles can be received by 
the device without changing its status 
(Le., waiting for 


START condition). 


ClK cycles are not required during the self-timed WRITE 
(Le., auto ERASElWRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively lOW to HIGH transitions of 
ClK) must be prOVided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). ClK and 01 then become don't care inputs 
waiting for a new start condition to be detected. 


Note: 
CS must go lOW between consecutive instruc- 
tions. 


Data In (01) 


Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the ClK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the ClK input (TPDafter the positive 
edge of ClK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READYIBUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being lOW for minimum chip select lOW 
time (TCSL)and an ERASE or WRITE operation has 
been initiated. 


Organization 
(ORG) 


When ORG is connected to Vcc, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. When ORG is left 
floating, an intemal pullup device will select the device in 
(x16) organization. 


This pin is used for test mode only. It is recommended 
to connect to Vcc or Vss for normal operation. 
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VIH 


CS 
Tess 
VIL 


VIH 
CLK 


VIL 


VIH 
01 


VIL 


DO 
VOH 


(READ) 
Va.. 


Ts 
DO 
VOH 


(PROGRAM) 
Va.. 


cs __ 
/ 


DI~~ 


• Address 
bit A7 becomes 
a 'don,t 
care" (.16 mode) 
on 93C56. 


• Address 
bit AS becomes 
a 'don,t 
care' 
(.8 mode) 
on 93C56. 


• The memory 
automatically 
cycles 
to the next register. 


.16 
x8 
An 
A7 
AS 
Dc 
015 
07 


cs_~/ 


TIMING DIAGRAMS 
(Cant.) 


EWDS 


cs~ 


01 __ 
~0,-_o 
__ 
o 
o__ 
o_~ 
_ 


CS~ 


BUSY f 
\~--- 
..- 
T'fC 


• Address bit A7 becomes a 'don,t care' (x16 mode) on 93C56 . 
• Address bit A8 becomes a 'don,t care' (x8 mode) on 93C56. 


o 
o\::I 


~ 
TWL 
tij(XI6)1~ 
[)( 
015 
07 
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TIMING DIAGRAMS (Cant.) 


ERASE 


~ 
• Address bit A7 becomes a 'don,t care' (x16 mode) on 93C56. 
~ 
• Address bit A8 becomes a 'don,t care' (x8 mode) on 93C56. 
TYC 


93C56/66 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


Blank 
I 
E 


93CS6 
93CS6T 
93C66 
93C66T 


PLASTIC DIP 
PLASTIC SOIC (lS0 mil Body) 
PLASTIC SOIC (207 mil Body) 


O'C to+70'C 


-40'C to +8S'C 
-40'C to +12S'C 


2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (in Tape and Reel Form) 
4K CMOS Serial EEPROM 
4K CMOS Serial EEPROM (in Tape and Reel Form) 


93LC46/56/66 


• Single supply with programming operation down to 
2.0V (Commercial only) 
• Low power CMOS technology 


- 
1 mA active current typical 
- 
5 jJA standby current (typical) at 3.0V 
• ORG pin selectable memory configuration 
128 x 8 or 64 x 16 bit organization (93LC46) 
256 x 8 or 128 x 16 bit organization (93LC56) 
512 x 8 or 256 x 16 bit organization 
(93LC66) 
• Self-timed ERASE and WRITE cycles 


(including auto-erase) 
• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial I/O 
• 
Device status signal during ERASElWRITE cycles 
• Sequential READ function 
• 
1,000,000 ERASElWRITE cycles (typical) 


• 
Data retention> 
40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC package 


(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 
Commercial: 
O'C 
to +70'C 
- 
Industrial: 
-40'C 
to +85'C 


The Microchip Technology Inc. 93LC46/56/66 
are 1K, 
2K and 4K low voltage 
serial 
Electrically 
Erasable 
PROMs. The device memory is configured as x8 or x16 
bits depending on the ORG pin setup. Advanced CMOS 
technology makes these devices ideal for low power 
non-volatile memory applications. 
The 93LC Series is 
available in standard 8-pin DIP and 8/14-pin surface 
mount SOIC packages. 
The 93LC46X156X166X are 
offered in ·SN" package only. 


cs 
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PIN CONFIGURATION 


NC 
NC 
DIP Package 
SOIC Packages 
cs 
v"" 


CLK 
NU 
~o~ 
~o~""o~ 


NC 
NC 


CLK2 
7NU 
CLJ(2 
7NU 
Vcc 
2 
7 
Vss 
01 
NC 


013 
60RG 
CM 
3 
6 
Ne 
cs 
3 
6 
DO 
DO 
Vas 


DO 
04 
5 
Vss 
DO" 
5 
Vss 
CtJ(4 
Sot 
NC 
NC 


93LC46 
93LC46 
93LC46X 
93LC56 
93LC56 
93LC56 
93LC56X 
93LC66 
93LC66 
93LC66 
93LC66X 
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93LC46/56/66 


Maximum Ratings· 


VCC 
7.0V 
All inputs and outputs w.r.t. Vss 
-0.6V to Vcc +1.0V 
Storage temperature 
-6S·C to +1S0·C 
Ambient temp. with power applied 
-6S·C to +12S·C 
Soldering temperature of leads (10 seconds) .. +300·C 
ESD protection on all pins 
4 kV 


·Notice:Stressesabovethose listed under "Maximumratings· may' 
causepennanentdamagetothedevice.Thisisastressratingonl~nO 
ll'.o~eioi~~t:1~~~t~~~~~ltl~r~~rgrr~~~~~~r~~rs 
~ 
~:i~-.g.rev"~~r~~=~mum 
ratingconditionsfor extendedperiods 


PIN FUNCTION TABLE 


Name 
Function 


CS 
Chip Selec1 
ClK 
Serial Data Clock 
01 
Serial Data Input 
DO 
Serial Data Output 
VSS 
Ground 
ORG 
Memory Configuration 
NU 
Not Utilized 
NC 
No Connect 
Vcc 
Power Supply 


DC AND AC ELECTRICAL 
Commercial 
Vcc = +2.0V to +6.0V (C): Tamb = 
0·Cto+70·C 
CHARACTERISTICS 
Industrial 
Vcc = +2.SV to +6.0V (I) : Tamb = -40"C to +85"C 


Parameter 
Svmbol 
Min 
Max 
Units 
Conditions 


High level input voltage 
VIHI 
2.0 
Vcc+1 
V 
Voo<!:2.SV 
VIH2 
0.7 Vcc 
Vcc+1 
V 
voo<2.SV 
low level input voltage 
VILI 
-0.3 
0.8 
V 
Voo<!:2.SV 
VIL2 
-0.3 
0.2 Vcc 
V 
Voo<2.SV 
low level output voltage 
Vou 
- 
0.4 
V 
IOL= 2.1 mA; Vcc - 4.SV 
VOL2 
- 
0.2 
V 
IOL -100 ItA; Vcc - vcc Min. 


High level output voltage 
VOHI 
2.4 
- 
V 
IOH= -400 ItA; Vcc = 4.SV 
VOH2 
Vcc·0.2 
- 
V 
IOH= -100 ItA; Vcc = Vcc Min. 


Input leakage current 
III 
-10 
10 
ItA 
VIN= 0.1V to Vcc 


Output leakage current 
ILO 
-10 
10 
ItA 
VOUT= 0.1V to Vcc 


Intemal capacitance 
CINT 
- 
7 
pF 
VINIVOUT= 0 V (Note 1 & 3) 


(all inputs/outputs) 
Tamb = +2S"C, Fcu< = 1 MHz 
Operating current 
Iccwrite 
- 
3 
mA 
FcU<= 2 MHz; Vcc = 6.0V (Note 3) 


Icc read 
- 
1 
mA 
FcU<= 2 MHz; Vcc = 6.0V 
SOO 
ItA 
FCLK= 1 MHz; vcc = 3.0V 
Standby current 
Iccs 
- 
100 
ItA 
ClK = CS = OV; Vcc = 6.0V 
30 
ItA 
ClK = CS = OV; vcc = 3.0V 
Endurance 
- 
100,000 
Em Cycles 
1,000,000 Em cycles typical 


Clock frequency 
FCLK 
- 
2 
MHz 
Vcc~4.SV 
1 
MHz 
Vcc<4.SV 
Clock high time 
TCKH 
2S0 
- 
ns 


Clock low time 
TCKL 
2S0 
- 
ns 


Chip select setup time 
Tcss 
SO 
- 
ns 
Relative to ClK 


Chip select hold time 
TCSH 
0 
- 
ns 
Relative to ClK 


Chip select low time 
TCSL 
2S0 
- 
ns 


Data input setup time 
TOls 
100 
Relative to ClK 


,. 
- 
ns 


Data input hold time 
TOIH 
100 
- 
ns 
Relative to ClK 


Data output delay time 
Tpo 
- 
400 
ns 
CL = 100 pF 


Data output disable time 
Tcz 
- 
100 
ns 
CL = 100 pF (Note 3) 


Status valid time 
Tsv 
- 
SOO 
ns 
CL = 100 pF 


ProQram cvcle time 
Twc 
- 
10 
ms 
ERASEmRITE 
mode (Note 2) 


Tec 
- 
1S 
ms 
ERAlmode 


TWL 
30 
ms 
WRAlmode 


Note 1: This parameter is tested at Tamb = 2S·C and FCLK= 1 MHz. 
Note 2: 
Typical program cycle time is 4 ms per word. 


Note 3: 
This parameter is periodically sampled and not 100% tested. 


Instruction 
58 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
A5 A4 A3 A2 A1 AO 
- 
015 - DO 
25 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
- 
Hiah-Z 
9 
ERASE 
1 
11 
A5 A4 A3 A2 A1 AO 
- 
ROY/SSY 
9 
ERAl 
1 
00 
10XXXX 
- 
ROY/BSY 
9 
WRITE 
1 
01 
A5A4A3A2A1 
AO 
015 - DO 
ROY/BSY 
25 
WRAl 
1 
00 
o 
1 
X 
X 
X 
X 
015 - DO 
ROY/SSY 
25 
EWOS 
1 
00 
o 
0 
X 
X 
X 
X 
- 
Hiah-Z 
9 


Instruction 
58 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
A6 A5 A4 A3 A2 A1 AO 
- 
07-00 
18 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
- 
Hiah-Z 
10 
ERASE 
1 
11 
A6 A5 A4 A3 A2 A1 AO 
- 
ROY/BSY 
10 
ERAl 
1 
00 
1 o X 
X 
X 
X 
X 
- 
ROY/BSY 
10 
WRITE 
1 
01 
A6 A5 A4 A3 A2 A1 AO 
07 - DO 
ROY/8SY 
18 
WRAl 
1 
00 
o 
1 
X 
X 
X 
X 
X 
07 - DO 
ROY/BSY 
18 
EWOS 
1 
00 
o 
0 
X 
X 
X 
X 
X 
- 
High-Z 
10 


Instruction 
58 
ODcode 
Address 
Data In 
Data Out 
Rea. ClK 
Cvcles 


READ 
1 
10 
X A6 A5 A4 A3 A2 A1 AO 
- 
015 - DO 
27 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 
ERASE 
1 
11 
X A6 A5 A4 A3 A2 A1 AO 
- 
ROY/BSY 
11 
ERAl 
1 
00 
1 o 
X 
X 
X 
X 
X 
X 
- 
ROY/BSY 
11 
WRITE 
1 
01 
X A6 A5 A4 A3 A2 A1 AO 
015 - DO 
ROY/BSY 
27 
WRAl 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
015 - DO 
ROY/BSY 
27 
EWOS 
1 
00 
OOXXXXXX 
- 
Hiah-Z 
11 


Instruction 
58 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
X A7 A6 A5 A4 A3 A2 A1 AO 
- 
07 - DO 
20 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
X 
- 
Hiah-Z 
12 
ERASE 
1 
11 
X A7 A6 A5 A4 A3 A2 A1 AD 
- 
ROY/BSY 
12 
ERAl 
1 
00 
1 o 
X 
X 
X 
X 
X 
X 
X 
- 
ROY/BSY 
12 
WRITE 
1 
01 
XA7A6A5A4A3A2A1 
AO 
07- 
DO 
ROY/BSY 
20 
WRAl 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
X 
07- 
DO 
ROY/BSY 
20 
EWOS 
1 
00 
o 
0 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 


Instruction 
58 
Opcode 
Address 
Data In 
Data Out 
Rea. ClK 
Cvcles 


READ 
1 
10 
A7A6A5A4A3A2A1 
AO 
- 
015- 
DO 
27 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
High-Z 
11 
ERASE 
1 
11 
A7A6A5A4A3A2A1 
AO 
- 
ROY/BSY 
11 
ERAl 
1 
00 
1 o 
X 
X 
X 
X 
X 
X 
- 
ROY/BSY 
11 
WRITE 
1 
01 
A7A6A5A4A3A2A1 
AO 
015 - DO 
ROY/BSY 
27 
WRAl 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
015 - DO 
ROY/BSY 
27 
EWOS 
1 
00 
OOXXXXXX 
- 
Hiah-Z 
11 


Instruction 
58 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
A8 A7 A6 A5 A4 A3 A2 A 1 AC 
- 
07 - DO 
20 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
X 
- 
Hiah-Z 
12 
ERASE 
1 
11 
A8A7A6A5A4A3A2A1 
AC 
- 
ROY/BSY 
12 
ERAl 
1 
00 
1 o 
X 
X 
X 
X 
X 
X 
X 
- 
ROY/BSY 
12 
WRITE 
1 
01 
A8 A7 A6 A5 A4 A3 A2 A1 AC 
07- 
DO 
ROY/BSY 
20 
WRAl 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
X 
07 - DO 
ROY/BSY 
20 
EWOS 
1 
00 
o 
0 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 
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When the ORG pin is connected to Vcc, the (x16) 
organization is selected. When it isconnected to ground, 
the (xS) organization 
is selected. 
Instructions, 
ad- 
dresses and write data are clocked into the 01pin on the 
rising edge of the clock (ClK). 
The DO pin is normally 
held in a high-Z state except when reading data from the 
device, or when checking the ready/busy status during 
a programming operation. 
The READY/BUSY status 
can be verified during an EraselWrite 
operation 
by 
polling the DO pin; DO low indicates that programming 
is still in progress, while DO high indicates the device is 
ready. The DO will enter the high-Z state on the falling 
edge of the CS. 


START Condition 


The START bit is detected by the device if CS and 01are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, ClK, and 01 
may change in any combination 
(except to that of a 
START condition). without resulting in any device opera- 
tion (READ. WRITE. ERASE. EWEN, EWDS, ERAl. 
and WRAl). 
As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (Le.•clock in orout ofthe 
last required address or data bit) ClK 
and 01 become 
don't care bits until a new start condition is detected. 


0flQQ 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a 'bus conflict' to occur during the 'dummy zero' that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO.the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. 
During power-down, the source data protection 
circuitry acts to inhibit all programming modes when vcc 
has fallen below 1.4V at nominal conditions. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. 
Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or Sbit (xS 
organization) 
output string. 
The output data bits will 
toggle on the rising edge of the ClK and are stable after 
the specified time delay (Tpo). 
Sequential 
read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output se- 
quentially. 


ERASElWRITE 
ENABLE AND 
DISABLE 


The 93lC46156166 powers up in the EraselWrite Dis- 
able (EWDS) state. 
All programming modes must be 
preceded by an EraselWrite Enable (EWEN) instruction. 
Once the EWEN instruction is executed. programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all EraselWrite functions and should 
follow all programming 
operations. 
Execution 
of a 
READ instruction is independent of both the EWEN and 
EWDS instructions. 


The ERASE instruction forces all data bits of the speci- 
fied address to the logical '1' state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READYIBUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL).DO at logical '0' indicates that programming 
is still in progress. 
DO at logical '1' indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 


The WRITE instruction isfollowed by 16 bits (or by Sbits) 
of data which are written into the specified address. 
After the last data bit is put on the 01 pin. CS must be 
brought low before the next rising edge of the ClK clock. 
This falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 
The DO pin indicates the READYIBUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL).DO at logical '0' indicates that programming 
is still in progress. 
DO at logical '1' indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 


The ERAL instruction will erase the entire memory array 
to the logical '1' state. The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. 
Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. 
The ERAL instruction is guaranteed at vcc = 
+4.5V to -Hi.OV. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 


The WRAL instruction will write the entire memory array 
with the data specified in the command. 
The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. 
Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERAL cycle forthe device. Therefore, the WRALinstruc- 
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at Vcc = +4.5V to -Hi.OV. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 


Chip select (CS) 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. lf CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. 


CS must be LOW for 250 ns minimum (TCSL)between 
consecutive 
instructions. 
If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (ClK) 


The Serial Clock is used to synchronize the communica- 
tion between a master device and the 93LCXX. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. 
Data bits are also clocked out on the positive 
edge ofCLK. 


CLK can be stopped anywhere 
in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH)and 
clock LOW time (TCKL). 
This gives the controlling 
master freedom in preparing opcode, 
address, and 
data. 


CLK is a 'Don't Care' if CS is LOW (device deselected). 
If CS is HIGH, but START condition 
has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (I.e., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(I.e., auto ERASElWRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and 01then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (01) 


Data In is used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPDafter the positive 
edge of CLK). 


This pin also provides READYIBUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information isavailable on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TcsL) and an ERASE or WRITE operation has 
been initiated. 


Organization (ORG) 


When ORG is connected to Vcc or floated, the (x16) 
memory organization is selected. When ORG is tied to 
Vss, the (xS) memory organization is selected. 
ORG 
can only be floated for clock speeds of 1 MHz or less for 
the (X16) memory organization. 
For clock speeds 
greater than 1 MHz, ORG must be tied to Vcc or Vss. 
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93LC46/56/66 
tactory or the listed sales offices. 


PART NUMBERS 


93LC46B/56B166B - 
IP 


~ 


PACKAGE: 
P 
PLASTIC DIP 
SN 
PLASTIC SOIC (150 mil Body) 8-Lead 
SM 
PLASTIC SOIC (207 mil Body) 8-Lead 
SL 
PLASTIC SOIC (t50 mil Body) 14-Lead 


I 
TEMPERATURE 
Blank 
O·Cto +70·C 
I 
RANGE: 
I 
-40·C to +85·C 


I 
DEVICE TYPE: 
I 
Configuration 


CMOS serial EEPROM 
93LC46B156B166B 


CMOS serial EEPROM 
93LC56X166X 
In Altemate Pinouts ISN oka. onlv) 
CMOS Serial EEPROM 
93LC46T/56T/66T 


In Tape & Reel 
CMOS serial EEPROM 
93LC56XT/66XT 


In Tape & Reel 


93LC468/568/668 


• Single supply with programming operation down to 
2.0V (Commercial only) 
• Low power CMOS technology 
- 
1 mA active current typical 
- 
5 lJA standby current (typical) at 3.0V 
• x16 bit organization 
·64x16(93LC46B) 
• 128x16 (93LC56B) 
• 256x16 (93LC66B) 
• Self-timed ERASE and WRITE cycles 
(including auto-erase) 
• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial VO 
• Device status signal during ERASElWRITE cycles 
• Sequential READ function 
• 
1,000,000 ERASElWRITE cycles (typical) 
• Data retention> 
40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC package 
(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 


Commercial: 
O·C to +70·C 
- 
Industrial: 
-40·C 
to +85·C 


The Microchip Technology Inc. 93LC46B156B166B are 
1K, 2K and 4K low voltage serial Electrically Erasable 
PROMs. 
The device memory is configured 
as x16. 


Advanced CMOS technology makes these devices ideal 
for low power non-volatile memory applications. 
The 
93LC series is available in standard 8-pin DIP and 8114- 
pin surface mount SOIC packages. 


DIP Package 
SOIC Packages 
NC 
NC 


es 
Vcc 


elK 
NU 
~o~ 
~o"·~o~ 


NC 
NC 


CLK2 
7NU 
Cu<2 
7NU 
Vcc 
2 
7 
Vss 
DI 
NC 


Of 
3 
6 
NC 
01 
3 
6 
He 
cs 
3 
6 
00 
00 
V •• 


DO 
•• 
5 
Vss 
00" 
5 
Vss 
eLK" 
501 
NC 
NC 


93LC46B 
93LC46B 
93LC46BX 
93LC56B 
93LC56B 
93LC56B 
93LC56BX 
93LC66B 
93LC66B 
93LC66B 
93LC66BX 


• 


Maximum Ratings· 


Vcc 
7.0V 
All inputs 
and outputs 
w.r.t. 
vss 
-o.6V 
to Vcc 
+ 1.0V 


Storage 
temperature 
-6S"C to + lS0"C 
Ambient 
temp. 
with 
power 
applied 
-6S·C to +12S'C 
Soldering 
temperature 
of leads 
(10 seconds) 
.. +300"C 
ESD 
protection 
on all pins 
4 kV 
·Notice: Stresses 
above those listed under "Maximum 
. 
• may' 


causepermanentdamagetothedevice.Thisisastressr 
onl~ 
ll',.,~oi'.!:l~:::3~~ 
~t~~~:II;,~I'I~~~r 
gr~~her 
~s no': 
implied. ExDosure to maximum rating conditions for e 
periods 
may affect device reliability. 


PIN FUNCTION TABLE 


Name 
Function 


CS 
Chip 
Select 


ClK 
Serial 
Data 
Clock 
01 
Serial 
Data 
Input 


DO 
Serial 
Data 
Output 


vss 
Ground 
NC 
No Connect 


NU 
Not Utilized 


vcc 
Power 
Supply 


DC AND AC ELECTRICAL 
Commercial 
Vcc 
= +2.0V 
to +6.0V 
(C): 
Tamb 
= 
O·Cto 
+70·C 
CHARACTERISTICS 
Industrial 
Vcc 
= +2.SV 
to +6.0V 
(I): 
Tamb 
= -40·C 
to +85"C 


Parameter 
Symbol 
Mln 
Max 
Units 
Conditions 


High 
level 
input 
voltage 
VIHl 
2.0 
Vcc+l 
V 
Voo~2.SV 


VIH2 
0.7Vcc 
Vcc+l 
V 
Voo< 
2.SV 


low 
level 
input voltage 
VIL1 
-0.3 
0.8 
V 
Voo>2.SV 


VIl2 
-0.3 
0.2 Vcc 
V 
Voo<2.SV 


low 
level 
output 
voltage 
VOLl 
- 
0.4 
V 
IOL = 2.1 mA' 
Vcc 
= 4.SV 


VOl2 
- 
0.2 
V 
IOL =100 
1lA; Vcc 
= Vcc 
Min. 


High 
level 
output 
voltage 
VOHl 
2.4 
- 
V 
IOH = -400 1lA; Vcc 
= 4.SV 


VOH2 
Vcc-0.2 
- 
V 
IOH = -100 
uA: 
Vcc 
=Vcc 
Min. 


Input 
leakage 
current 
III 
-10 
10 
IlA 
VIN = O.lV 
to Vcc 


Output 
leakage 
current 
ILO 
-10 
10 
J.1A 
VOLrr= 
O.lV 
to Vcc 


Internal 
capacitance 
CINT 
- 
7 
pF 
VINIVOUT = 0 V (Note 
1 & 3) 


(all inputs/outputs) 
Tamb 
= +2S·C. 
FCLK = 1 MHz 


Operating 
current 
Iccwrite 
- 
3 
mA 
FCLK = 2 MHz; Vcc 
= 6.0V (Note 3) 


Icc read 
- 
1 
mA 
FCLK = 2 MHz; Vcc 
= 6.0V 


500 
J.1A 
FCLK = 1 MHz; 
Vcc 
= 3.0V 


Standby 
current 
Ices 
- 
100 
J.1A 
ClK 
= CS = OV; vcc 
= 6.0V 


30 
J.1A 
ClK 
= CS = OV; Vcc 
= 3.0V 


Endurance 
- 
100,000 
EJWCycles 
1,000,000 
EJW cycles 
tvDical 


Clock 
frequency 
FCLK 
- 
2 
MHz 
Vcc~4.SV 


1 
MHz 
Vcc<4.SV 


Clock 
high time 
TCKH 
250 
- 
ns 


Clock 
low time 
TCKL 
250 
- 
ns 


Chip 
select 
setup 
time 
Tcss 
50 
- 
ns 
Relative 
to ClK 


Chip 
select 
hold time 
TCSH 
0 
- 
ns 
Relative 
to ClK 


Chip 
select 
low time 
TCSL 
250 
- 
ns 


Data 
input 
setup 
time 
TOls 
100 
- 
ns 
Relative 
to ClK 


Data 
input 
hold time 
TOIH 
100 
- 
ns 
Relative 
to ClK 


Data 
output 
delay 
time 
Tpo 
- 
400 
ns 
CL= 
100 pF 


Data 
output 
disable 
time 
Tcz 
- 
100 
ns 
CL = 100 of (Note 
3\ 


Status 
valid 
time 
Tsv 
- 
500 
ns 
CL= 
100 pF 


Program 
cycle 
time 
Twc 
- 
10 
ms 
ERASElWRITE 
mode 
(Note 
2) 


TEC 
- 
15 
ms 
ERAlmode 


TWL 
- 
30 
ms 
WRAlmode 


Note 1: 
This parameter 
is tested at Tamb = 2S'C and FClK 
= 1 MHz. 


Note 2: 
Typical 
program 
cycle time is 4 ms per word. 
Note 3: 
This parameter 
is periodically 
sampled 
and not 100% tested. 


Instruction 
SB 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
A5 A4 A3 A2 A1 AO 
- 
D15 - DO 
25 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
- 
High-Z 
9 
ERASE 
1 
11 
A5 A4 A3 A2 A1 AO 
- 
RDY/SSY 
9 
ERAl 
1 
00 
1 o 
X 
X 
X 
X 
- 
RDY/BSY 
9 
WRITE 
1 
01 
A5A4A3A2A1 
AO 
D15 - DO 
RDY/BSY 
25 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
D15 - DO 
RDY/SSY 
25 
EWDS 
1 
00 
OOXXXX 
- 
Hiah-Z 
9 


Instruction 
SB 
Opcode 
Address 
Data In 
Data Out 
Rea. ClK 
Cycles 


READ 
1 
10 
X A6 A5 A4 A3 A2 A1 AO 
- 
D15 - DO 
27 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
Hiah-Z 
11 
ERASE 
1 
11 
X A6 A5 A4 A3 A2 A1 AO 
- 
lRDY/BSYI 
11 
ERAL 
1 
00 
1 o 
X 
X 
X 
X 
X 
X 
- 
(RDYIBSY) 
11 
WRITE 
1 
01 
X A6 A5 A4 A3 A2 A 1 AO 
D15 - DO 
(RDY/BSY) 
27 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
D15 - DO 
lRDY/BSYI 
27 
EWDS 
1 
00 
OOXXXXXX 
- 
Hiah-Z 
11 


Instruction 
SB 
Opcode 
Address 
Data In 
Data Out 
Rea. ClK 
Cycles 


READ 
1 
10 
A7 AR A5 A4 A3 A2 A1 AO 
- 
D15 - DO 
27 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
Hiah-Z 
11 
ERASE 
1 
11 
A7 A6 A5 A4 A3 A2 A1 AO 
- 
lRDY/BSY 
11 
ERAL 
1 
00 
1 o 
X 
X 
X 
X 
X 
X 
- 
lRDY/BSY 
11 
WRITE 
1 
01 
A7 A6 A5 A4 A3 A2 A1 AO 
D15 - DO 
(RDY/BSY 
27 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
D15 - DO 
lRDY/BSY 
27 
EWDS 
1 
00 
o 
0 
X 
X 
X 
X 
X 
X 
- 
Hioh-Z 
11 •• 


Instructions, addresses and write data are clocked into 
the 01pin on the rising edge of the clock (ClK). 
The DO 


pin is normally 
held in a high-Z state except when 


reading data from the device, or when checking the 
readylbusy status during a programming operation. The 
readylbusy status can be verified during an EraselWrite 
operation by polling the DO pin; DO low indicates that 
programming is still in progress, while DO high indicates 
the device is ready. The DO will enter the high-Z state 
on the falling edge of the CS. 


START Condition 


The START bit is detected by the device if CS and 01are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, ClK, and 01 
may change in any combination 
(except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAl, 
and WRAl). 
As soon as CS is HIGH, the device is no 


longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (Le., clock in or out ofthe 
last required address or data bit) ClK and 01 become 
don1 care bits until a new start condition is detected. 


~ 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO,the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when Vcc 
has fallen below 1.4V at nominal conditions. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically inthe EWDS 
mode. 
Therefore, an EWEN instruction must be per- 


formed before any ERASE or WRITE instruction can be 
executed. 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) output 
string. The output data bits will toggle on the rising edge 
of the ClK and are stable after the specified time delay 
(Tpo). Sequential read is possible when CS is held high. 
The memory data will automatically cycle to the next 
register and output sequentially. 


ERASElWRITE 
ENABLE AND 


DISABLE 


The 93lC46B156B/66B 
powers up in the EraselWrite 


Disable (EWDS) state. All programming modes must be 
preceded by an EraselWrite Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vcc is removed from the device. To protect against 
accidental data distUrb, the EWDS instruction can be 
used to disable all EraselWrite functions and should 
follow 
all programming 
operations. 
Execution 
of a 


READ instruction is independent of both the EWEN and 
EWDS instructions. 


The ERASE instruction forces all data bits of the speci- 
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 


The DO pin indicates the READYIBUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical "0" indicates that programming 
is still in progress. 
DO at logical "1" indicates that the 


register at the specified address has been erased and 
the device is ready for another instruction. 


The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. 
After the 


last data bit is put on the 01pin, CS must be brought low 
before the next rising edge of the ClK clock. This falling 
edge of CS initiates the self-timed auto-erase and pro- 
gramming cycle. 
The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical "0" indicates that programming 
is still in progress. 
DO at logical "1" indicates that the 


register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 


The ERAl instruction will erase the entire memory array 
to the logical "1" state. The ERAl cycle is identical to the 
ERASE cycle exceptfor the different opcode. The ERAl 
cycle is completely self-timed and commences at the 
falling edge of the CS. 
Clocking of the ClK 
pin is not 


necessary after the device has entered the self clocking 
mode. 
The ERAl 
instruction is guaranteed at Vcc = 


+4.5V to -H).OV. 


The DO pin indicates the READYIBUSY status of the 
device ifCS is brought high aftera minimum of 250 ns low 
(TCSL). 


The WRAl 
instruction will write the entire memory array 


with the data specified in the command. 
The WRAl 


cycle is completely self-timed and commences at the 
falling edge of the CS. 
Clocking of the ClK 
pin is not 


necessary after the device has entered the self clocking 
mode. The WRAl command does include an automatic 
ERAlcycleforthe 
device. Therefore, the WRAl instruc- 


tion does not require an ERAl instruction but the chip 
must be in the EWEN status. The WRAl 
instruction is 


guaranteed at Vcc = +4.5V to +6.OV. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 


Chip Select 
CCSl 


A HIGH level selects the device. A lOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought lOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. 


CS must be lOW for 250 ns minimum (TcsL) between 
consecutive 
instructions. 
If CS is lOW, 
the internal 


control logic is held in a RESET status. 


Serial 
Clock (eLK) 


The Serial Clock is used to synchronize the communica- 
tion between a master device andthe 93lCXXB. Opcode, 
address, and data bits are clocked in on the positive edge 
of ClK. 
Data bits are also clocked out on the positive 


edge of ClK. 


ClK 
can be stopped anywhere 
in the transmission 


sequence (at HIGH or lOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH)and 
clock lOW 
time (TCKL). 
This gives the controlling 


master freedom 
in preparing 
opcode, address, 
and 


data. 


ClK is a "Don't Care" if CS is lOW (device deselected). 
If CS is HIGH, but START condition 
has not been 


detected, any number of clock cycles can be received by 
the device without changing its status 
(I.e., waiting for 


START condition). 


ClK cycles are not required during the self-timed WRITE 
(I.e., auto ERASElWRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively lOW to HIGH transitions of 
ClK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go lOW between consecutive instruc- 


tions. 


Data In (01) 


Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the ClK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the ClK input (TPDafter the positive 
edge of ClK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta- 
tus information isavailable on the DO pin if CS is brought 
HIGH after being lOW for minimum chip select lOW 
time (TCSL)and an ERASE or WRITE operation has 
been initiated. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 8-Lead 
PLASTIC SOIC (207 mil BodYj8-Lead 
PLASTIC SOIC (150 mil Body 
14-Lead (93LC56B193LC66B) 


O'Clo+70'C 
-4Q'C 10+85'C 


Configuration 


CMOS Serial EEPROM 
93LC46B156B166B 
CMOS Serial EEPROM 
93LC46BXl56BXl66BX 
In A~emale Pinouts (SN pkQ. only) 
CMOS Serial EEPROM 
93LC46BT/56BT/66BT 
In Tape & Reel 
CMOS Serial EEPROM 
93LC46BXT/56BXT/66BXT 
In Tape & Reel 


93AA46/56/66 


• Single supply with programming operation down to 
1.8V 
• Low power CMOS technology 
- 
70 1IAtypical active READ current at 1.8V 
- 
2 1IAtypical standby current at 1.8V 
• ORG pin selectable memory configuration 
128 x 8 or 64 x 16 bit organization (93AA46) 
256 x 8 or 128 x 16 bit organization (93AA56) 
512 x 8 or 256 x 16 bit organization 
(93AA66) 
• Self-timed ERASE and WRITE cycles 
(including auto-erase) 
• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial VO 
• Device status signal during ERASEJWRITE cycles 
• Sequential READ function 
• 1,000,000 ERASEJWRITE cycles (typical) 
• 
Data retention> 
40 years 
• 8-pin PDIP/SOIC 
(SOIC in JEDEC and EIAJ standards) 


The Microchip Technology Inc. 93AA46/56166 are 1K, 
2K and 4K low voltage 
serial Electrically 
Erasable 
PROMs. The device memory is configured as x8 or x16 
bits depending on the ORG pin setup. Advanced CMOS 
technology 
makes these devices ideal for low power 
non-volatile memory applications. 
The 93AA Series is 
available in standard 8-pin DIP and surface mount SOIC 
packages. 
The rotated pin-out 93AA46X156X166X 
are 
offered in the "SN" package only. 
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Name 
Function 


CS 
Chip Select 
ClK 
Serial Data Clock 
01 
Serial Data Input 
DO 
Serial Data Output 
Vss 
Ground 
ORG 
Memory Configuration 
NU 
Not Utilized 
Vcc 
Power Supply 


DC AND AC ELECTRICAL 
CHARACTERISTICS 
Vec = +1.8V to +S.SV 
Commercial 
(C): 
Tamb= 
O·Cto +70·C 


Parameter 
Symbol 
Mln 
Typ 
Max 
Units 
Conditions 


High level input voltage 
VIHI 
2.0 
- 
Vec +1 
V 
Voo~2.SV 


VIH2 
0.7Vcc 
- 
Vcc +1 
V 
Voo<2.SV 


low level input voltage 
VILI 
-0.3 
- 
0.8 
V 
Voo~2.SV 


VIL2 
-0.3 
- 
0.2 Vee 
V 
Voo<2.SV 


low level output voltage 
VOLl 
- 
- 
0.4 
V 
IOL =2.1 mA; Vce = 4.SV 


VOL2 
- 
- 
0.2 
V 
IOL =100 lJA; Vcc = 1.8V 


High level output voltage 
VOHl 
2.4 
- 
- 
V 
IOH= -400 lJA; Vcc = 4.SV 


VOH2 
Vec-0.2 
- 
- 
V 
IOH= -100 j!A; Vcc = 1.8V 


Input leakage current 
III 
-10 
- 
10 
lJA 
VIN= 0.1V to Vcc 


Output leakage current 
ILO 
-10 
- 
10 
lJA 
VOUT= 0.1V to Vcc 


Internal capacitance 
CINT 
- 
- 
7 
pF 
VIN!VOUT= OV (Note 1 & 2) 


(all inputs/outputs) 
Tamb = +2S·C, Fcu< = 1 MHz 


Operating current 
Iccwrite 
- 
- 
3 
mA 
Feu<= 2 MHz; Vce = 5.SV (Note 2) 


Icc read 
- 
- 
1 
mA 
Fcu<= 2 MHz; Vce = S.SV 
soo 
lJA 
Fcu<= 1 MHz; Vcc = 3.0V 
70 
lJA 
FCLK= 1 MHz; Vce = 1.8V 
Standby current 
Ices 
100 
lJA 
ClK = CS = OV; Vee = S.SV 


30 
lJA 
ClK = CS = OV; Vcc = 3.0V 
2 
lJA 
ClK = CS = OV; Vce = 1.8V 


Endurance 
- 
100,000 
1,000,000 
ENlCycles 
Clock frequency 
FCLK 
MHz 
Vce? 4.5V 
2 
MHz 
Vce<4.SV 
Clock high time 
TeKH 
2S0 
1 
ns 
Clock low time 
TCKL 
250 
n<: 
Chip select setup time 
Tess 
SO 
ns 
Relative to ClK 
Chip select hold time 
TesH 
0 
ns 
Relative to ClK 
Chip select low time 
TesL 
2S0 
ns 
Data input setup time 
TOls 
100 
ns 
Relative to ClK 
Data input hold time 
TOIH 
100 
ns 
Relative to ClK 
Data output delay time 
Tpo 
400 
ns 
CL= 100 pF 
Data output disable time 
Tcz 
100 
ns 
CL = 100 pF (Note 2) 


Status valid time 
Tsv 
SOO 
ns 
CL= 100 pF 
Program cycle time 
Twc 
4 
10 
ms 
ERASENIRITE 
mode 
TEC 
8 
1S 
ms 
ERAl mode IVcc - SV ± 10%) 


TWL 
16 
30 
ms 
WRAl 
mode IVcc - SV ± 10%) 


9J,~yt.iiU~p/~~ 


Vcc 
7.0V 
All inputs and outputs w.r.t. Vss 
-o.6V to Vcc +1.0V 
Storage temperature 
-6S·C to +1S0·C 
Ambient temp. with power applied 
-6S·C to +12S·C 
Soldering temperature of leads (10 seconds) .. +300·C 
ESD protection on all pins 
4 kV 


·Notice:Stressesabovethoselistedunder"Maximum . 
• may' 


~~~~~~~~d=~~se~i~S~~~~o;ssr 
on~~~ 
thoseindicatedin theoP!'rationallistingsof lrils sp 
is not 
::::i~eei"J::'.z~er~=~um 
ratingoonditionsforext 
periods 


Note 1: 
This parameter is tested at Tamb = 2S·C and FClK = 1 MHz. 
Note 2: 
This parameter is periodically sampled and not 100% tested. 
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Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
A5 A4 A3 A2 A1 AO 
- 
015 - DO 
25 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
- 
High-Z 
9 
ERASE 
1 
11 
A5 A4 A3 A2 A1 AO 
- 
RDY/BSY 
9 
ERAL 
1 
00 
1 o 
X 
X 
X 
X 
- 
RDY/BSY 
9 
WRITE 
1 
01 
A5 A4 A3 A2 A1 AO 
015- 
DO 
RDY/BSY 
25 
WRAL 
1 
00 
0 
1 
X 
X 
X 
X 
015 - DO 
RDY/BSY 
25 
EWDS 
1 
00 
OOXXXX 
- 
Hiah-Z 
9 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
A6 A5 A4 A3 A2 A1 AO 
- 
07 - DO 
18 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
- 
Hiah-Z 
10 
ERASE 
1 
11 
A6A5A4A3A2A1 
AO 
- 
RDY/BSY 
10 
ERAL 
1 
00 
1 o X 
X 
X 
X 
X 
- 
RDY/BSY 
10 
WRITE 
1 
01 
A6 A5 A4 A3 A2 A1 AO 
07- 
DO 
RDY/BSY 
18 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
X 
07-00 
RDY/BSY 
18 
EWDS 
1 
00 
OOXXXXX 
- 
Hiah-Z 
10 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
X A6 A5 A4 A3 A2 A1 AO 
- 
015 - DO 
27 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
Hiah-Z 
11 
ERASE 
1 
11 
X A6 A5 A4 A3 A2 A1 AO 
- 
lRDYIBSYI 
11 
ERAL 
1 
00 
1 o X 
X 
X 
X 
X 
X 
- 
lRDYIBSYI 
11 
WRITE 
1 
01 
XA6A5A4A3A2A1 
AO 
015 - DO 
(RDY/BSVI 
27 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
015 - DO 
(RDY/BSVI 
27 
EWDS 
1 
00 
o 0 
X 
X 
X 
X 
X 
X 
- 
Hiah-Z 
11 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
XA7A6A5A4A3A2A1 
AO 
- 
07-00 
20 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
X 
- 
Hioh-Z 
12 
ERASE 
1 
11 
X A7 A6 A5 A4 A3 A2 A1 AO 
- 
RDY/BSY 
12 
ERAL 
1 
00 
1 o X 
X 
X 
X 
X 
X 
X 
- 
RDY/BSY 
12 
WRITE 
1 
01 
X A7 A6 A5 A4 A3 A2 A1 AO 
07-00 
RDY/BSY 
20 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
X 
07 - DO 
RDY/BSY 
20 
EWDS 
1 
00 
o 0 
X 
X 
X 
X 
X 
X 
X 
- 
Hioh-Z 
12 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Rea. ClK 
Cycles 


READ 
1 
10 
A7A6A5A4A3A2A1 
AO 
- 
015 - DO 
27 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
- 
Hioh-Z 
11 
ERASE 
1 
11 
A7A6A5A4A3A2A1 
AO 
- 
lRDYIBSYI 
11 
ERAL 
1 
00 
10XXXXXX 
- 
lRDYIBSYl 
11 
WRITE 
1 
01 
A7A6A5A4A3A2A1 
AO 
015 - DO 
(RDY/BSVI 
27 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
015 - DO 
lRDY/BSYI 
27 
EWDS 
1 
00 
o 
0 
X 
X 
X 
X 
X 
X 
- 
Hioh-Z 
11 


Instruction 
S8 
Opcode 
Address 
Data In 
Data Out 
Req. ClK 
Cycles 


READ 
1 
10 
A8 A7 A6 A5 A4 A3 A2 A1 AD 
- 
07 - DO 
20 
EWEN 
1 
00 
1 
1 
X 
X 
X 
X 
X 
X 
X 
- 
Hioh-Z 
12 
ERASE 
1 
11 
A8 A7 A6 A5 A4 A3 A2 A1 AD 
- 
RDY/BSY 
12 
ERAl 
1 
00 
1 o X 
X 
X 
X 
X 
X 
X 
- 
RDY/BSY 
12 
WRITE 
1 
01 
A8A7 A6A5 A4 A3 A2 A1 AD 
07 - DO 
RDY/BSY 
20 
WRAL 
1 
00 
o 
1 
X 
X 
X 
X 
X 
X 
X 
07 - DO 
RDY/BSY 
20 
EWDS 
1 
00 
o 0 
X 
X 
X 
X 
X 
X 
X 
- 
High-Z 
12 


•• 


When 
the 
ORG 
pin 
is connected 
to 
Vcc, 
the 
(x16) 


organization 
is selected. 
When it is connected 
to ground, 


the 
(x8) 
organization 
is selected. 
Instructions, 
ad- 


dresses 
and write data are clocked 
into the 01 pin on the 


rising 
edge 
of the clock 
(ClK). 
The DO pin is normally 


held in a high-Z 
state except 
when 
reading 
data from the 


device, 
or 
when 
checking 
the 
READYIBUSY 
status 


during 
a programming 
operation. 
The ready/busy 
status 


can 
be 
verified 
during 
an 
EraselWrite 
operation 
by 
polling 
the DO pin; DO low indicates 
that programming 


is still in progress, 
while 
DO high indicates 
the device 
is 
ready. 
The 
DO will enter 
the high-Z 
state 
on the falling 


edge 
of the CS. 


START Condjtion 


The START 
bit is detected 
by the device 
if CS and 01 are 


both 
HIGH 
with respect 
to the positive 
edge 
of ClK 
for 


the first time. 


Before 
a START 
condition 
is detected, 
CS, ClK, 
and 01 
may 
change 
in any 
combination 
(except 
to that 
of a 
START 
condition), 
without 
resulting 
in any device 
opera- 


tion 
(READ, 
WRITE, 
ERASE, 
EWEN, 
EWDS, 
ERAl, 
and WRAl). 
As soon 
as CS is HIGH, 
the device 
is no 


longer 
in the standby 
mode. 


An instruction 
following 
a START 
condition 
will only 
be 


executed 
if the required 
amount 
of opcode, 
address 
and 


data 
bits for any particular 
instruction 
is clocked 
in. 


After execution 
of an instruction 
(i.e., clock in or out ofthe 


last required 
address 
or data 
bit) ClK 
and 
01 become 


don't 
care 
bits until a new start condition 
is detected. 


Q!lQQ 


It is possible 
to connect 
the Data 
In and 
Data 
Out pins 


together. 
However, 
with this configuration 
it is possible 


for a 'bus 
conflict' 
to occur during 
the 'dummy 
zero' 
that 


precedes 
the 
READ 
operation, 
if AO is a logic 
HIGH 


level. 
Under 
such 
a condition 
the voltage 
level 
seen 
at 


Data Out is undefined 
and will depend 
upon the relative 


impedances 
of Data 
Out and the signal 
source 
driving 


AO. The higher 
the current 
sourcing 
capability 
of AO, the 


higher 
the voltage 
at the Data Out pin. 


Data protection 


During 
power-up, 
all programming 
modes 
of operation 


are inhibited 
until Vcc 
has reached 
a level greater 
than 


1.4V. 
During 
power-down, 
the source 
data 
protection 


circuitry 
acts to inhibit all programming 
modes 
when Vcc 


has fallen 
below 
1.4V at nominal 
conditions. 


The 
EWEN 
and EWDS 
commands 
give additional 
pro- 


tection 
against 
accidentally 
programming 
during 
normal 


operation. 


After power-up, 
the device 
is automatically 
in the EWDS 


mode. 
Therefore, 
an EWEN 
instruction 
must 
be per- 


formed 
before 
any ERASE 
or WRITE 
instruction 
can be 


executed. 


The 
READ 
instruction 
outputs 
the 
serial 
data 
of the 


addressed 
memory 
location 
on the 
DO pin. 
A dummy 


zero bit precedes 
the 16 bit (x16 organization) 
or8 bit (x8 


organization) 
output 
string. 
The 
output 
data 
bits 
will 


toggle 
on the rising edge 
of the ClK 
and are stable 
after 


the 
specified 
time 
delay 
(Tpo). 
Sequential 
read 
is 


possible 
when 
CS is held 
high. 
The 
memory 
data 
will 


automatically 
cycle 
to the 
next 
register 
and output 
se- 


quentially. 


ERASElWRITE 
ENABLE AND 
DISABLE 


The 
93AA46/56/66 
power 
up in the 
EraselWrite 
Dis- 


able 
(EWDS) 
state. 
All programming 
modes 
must 
be 


preceded 
by an EraselWrite 
Enable 
(EWEN) 
instruc- 


tion. 
Once the EWEN 
instruction 
is executed, 
program- 


ming 
remains 
enabled 
until 
an 
EWDS 
instruction 
is 


executed 
or Vcc 
is removed 
from the device. 
To protect 


against 
accidental 
data 
disturb, 
the 
EWDS 
instruction 


can 
be used 
to disable 
all EraselWrite 
functions 
and 


should 
follow 
all programming 
operations. 
Execution 
of 


a READ 
instruction 
is independent 
of both 
the EWEN 


and EWDS 
instructions. 


The ERASE 
instruction 
forces 
all data 
bits of the speci- 


fied address 
to the logical 
'1' 
state. 
CS is brought 
low 


following 
the loading 
of the last address 
bit. 
This falling 


edge 
of the CS pin initiates 
the self-timed 
programming 


cycle. 


The 
DO pin indicates 
the 
READYIBUSY 
status 
of the 


device 
if CS is brought 
high after 
a minimum 
of 250 ns 
low (TCSl). 
DO at logical 
'0' 
indicates 
that programming 
is still in progress. 
DO at logical 
'1' 
indicates 
that the 


register 
at the specified 
address 
has been 
erased 
and 


the device 
is ready 
for another 
instruction. 


The WRITE 
instruction 
is followed 
by 16 bits (orby 
8 bits) 


of data 
which 
are 
written 
into 
the 
specified 
address. 


After 
the last data 
bit is put on the 
01 pin, CS must 
be 


brought 
low before 
the next rising edge of the ClK 
clock. 


This falling edge of CS initiates 
the self-timed 
auto-erase 


and programming 
cycle. 


The 
DO pin indicates 
the 
READY/BUSY 
status 
of the 


device 
if CS is brought 
high after 
a minimum 
of 250 ns 


low (TCSl). 
DO at logical 
'0' 
indicates 
that programming 


is still in progress. 
DO at logical 
'1' 
indicates 
that the 
register 
at the specified 
address 
has been 
written 
with 


the data 
specified 
and 
the device 
is ready 
for another 


instruction. 


The ERAL instruction will erase the entire memory array 
to the logical '1' state. The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. 
Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at 5V ± 10%. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TcsL). 


The WRAL instruction will write the entire memory array 
with the data specified in the command. 
The WRAL 
cycle is completely self-timed and commences 
at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERALcycie forthe device. Therefore, the WRAL instruc- 
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at 5V ± 10%. 


The 00 pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 


Chip select (CS) 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. 


CS must be LOW for 250 ns minimum (TCSL)between 
consecutive 
instructions. 
If CS is LOW, the intemal 
control logic is held in a RESET status. 


serial Clock (ClK) 


The Serial Clock is used to synchronize the communica- 
tion between a master device and the 93AAXX. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. Data bits are also clocked out on the positive 
edge ofCLK. 


CLK can be stopped anywhere 
in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH)and 
clock LOW time (TCKL). 
This gives the controlling 
master freedom in preparing 
opcode, address, and 
data. 


CLK is a 'Don't Care' if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (Le., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(Le., auto ERASElWRITE) cycle. 


After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (01) 


Data In is used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPDafter the positive 
edge of CLK). 


This pin also provides READY/BUSY status information 
dUring ERASE and WRITE cycles. READYIBUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TCSL)and an ERASE or WRITE operation has 
been initiated. 


Organization (ORG) 


When ORG is connected to Vcc, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. ORG can only be 
floated for clock speeds of 1MHz or less for the (x16) 
memory organization. 
For clock speeds greater than 1 
MHz, ORG must be tied to Vcc or Vss. 


• 


DO 
VOH 


(READ) Va. 


DO 
VOH 


(PROGRAM) Va. 


READ 


cs~ 


.~ 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 8-Lead 
PLASTIC SOIC (207 mil Body) 8-Lead (93AA56193AA66) 


Configuration 
(x16) or (x8) 


CMOS Serial EEPROM 
93AA46156166 
CMOS Serial EEPROM 
93AA46X156X166X 
in a~emate pinouts (SN package only) 
CMOS Serial EEPROM (in Tape & Reel) 
93AA46T/56T/66T 
CMOS Serial EEPROM (in Taoe & Reell 
93AA46XT/56XT/66XT 


93LCS56/66 


• Single supply with programming operation down 
to 2.SV 
• Low power CMOS technology 
- 
1 mA active current typical 
- 
S IlA standby current (typical) at 3.0V 
• x16 memory organization 
- 
128x16 (93LCSS6) 
- 
256x16 (93LCS66) 
• Software write protection of user defined 
memory space 
• Self timed erase and write cycles 
• Automatic ERAL before WRAL 
• Power on/off data protection 
• Industry standard 3-wire serial 1/0 
• Device status signal during EIW 
• Sequential READ function 
• 
1,000,000 EIW cycles (typical) 
• Data retention> 
40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC packages 
• Commercial: 
O·C to 
+70·C 
• Industrial: 
40·C to 
+8S·C 


The Microchip Technology 
Inc. 93LCSS6I66 are low 
voltage Serial Electrically Erasable PROMs with memory 
capacities of 2K bitsl4K bits respectively. A write protect 
register is included in order to provide a user defined 
region of write protected memory. All memory locations 
greater than or equal to the address placed in the write 
protect register will be protected from any attempted 
write or erase operation. It is also possible to protect the 
address in the write protect register permanently 
by 
using a one time only instruction (PRDS). 
Any attempt 
to alter data in a register whose address is equal to or 
greater than the address stored in the protect register 
will be aborted. 
Advanced CMOS technology makes 
this device ideal for low power non-volatile 
memory 
applications. 


CU< 


PIN CONFIGURATION 


DIP Package 
SOIC Packages 


NC 
NC 


cs 
Vcr; 


ClK 
PRE 
~O'· 


cs 
Vcr; 
NU 
ORG 
NC 
NC 


CLK2 
7NU 
CLK 
NU 
Vcr; 
Vss 
01 
PE 


013 
BORG 
01 
ORG 
CS 
DO 
DO 
Vss 


00 
•• 
5 
Vss 
DO 
Vss 
CLK 
01 
NC 
NC 


93LCS56 
93LCS56 
93LCS56 
93LCS56 
93LCS66 
93LCS66 
93LCS66 
93LCS66 
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Maximum Ratings· 


vcc 
7.0V 
All inputs 
and outputs 
w.r.t. 
Vss 
-0.6V 
to Vcc 
+ 1.0V 
Storage 
temperature 
-65'C 
to + 150'C 


Ambient 
temp. 
with 
power 
applied 
..•.. -65'C 
to +125'C 
Soldering 
temperature 
of leads 
(10 seconds) 
.. +300'C 
ESD 
protection 
on all pins 
4 kV 


'Notice: Stresses above those listed under 'Maximum ratings' may' 


~~\:~~~~cl~~~~se~i~~s~f~~~~~~~ 
those indicated in the ol'!'rational listings of {his specitication is not 
implied. Exposureto maximumratingcond~ionsfor extendedperiods 
may affect device reliabil~. 


Name 
Function 


CS 
Chip 
Select 


CLK 
Serial 
Data 
Clock 


01 
Serial 
Data 
Input 


DO 
Serial 
Data 
Output 


Vss 
Ground 


PE 
Program 
Enable 


PRE 
Protect 
Register 
Enable 


Vcc 
Power 
Supply 


DC AND AC ELECTRICAL 
VCC= +2.SV to +6.0V 


CHARACTERISTICS 
Commercial 
(C): 
Tamb= 
O'Cto 
+70'C 
Industrial 
(I): 
Tamb = -40'C to +8S'C 


Parameter 
Symbol 
Mln 
Max 
Units 
Conditions 


High 
level 
input 
voltage 
VIHl 
2.0 
Vcc+l 
V 
Voo2:2.5V 


VIH2 
0.7 Vcc 
Vcc+l 
V 
Voo<2.5V 


low 
level 
input 
voltage 
VILI 
-0.3 
0.8 
V 
Voo2:2.5V 


VIL2 
-0.3 
0.2 Vcc 
V 
Voo<2.5V 


Low 
level output 
voltage 
VOLl 
- 
0.4 
V 
IOL = 2.1 mA; Vcc 
= 4.5V 


VOL2 
- 
0.2 
V 
IOL =100 
IJA; Vcc 
= 2.5V 


High 
level output 
voltage 
VOHI 
2.4 
- 
V 
IOH = -400 IJA; Vcc 
= 4.5V 


VOH2 
Vcc.o.2 
- 
V 
IOH = -100 JlA; Vcc 
= 2.5V 


Input 
leakage 
current 
ILl 
-10 
10 
IJA 
VIN = O.lV 
to Vcc 


Output 
leakage 
current 
ILO 
-10 
10 
IJA 
VOLrr = 0.1 V to Vcc 


Internal 
capacitance 
CINT 
- 
7 
of 
VINIVOLrr = OV (Note 
1 & 3) 


(all inputs/outputs) 
Tamb 
= +25'C, 
FCLK = 1 MHz 


Operating 
current 
Iccwrite 
- 
3 
mA 
FCLK = 2 MHz; 
Vcc 
= 3.0V 
(Note 
3) 


Iccread 
- 
1 
mA 
FCLK = 2 MHz; Vcc 
= 6.0V 


500 
IJA 
FCLK = 1 MHz; 
Vcc 
= 3.0V 


Standby 
current 
Iccs 
- 
100 
IJA 
CLK 
= CS = OV; Vcc 
= 6.0V 


30 
IJA 
CLK = CS = OV; Vcc 
= 3.0V 


Endurance 
- 
100,000 
- 
ENlCycles 
1,000,000 
Em 
cycles 
typical 


Clock 
frequency 
FCLK 
- 
2 
MHz 
Vcc2:4.5V 


1 
MHz 
Vcc<4.5V 


Clock 
high time 
Tr:K" 
?"n 
- 
ns 


Clock 
low time 
TCKL 
250 
- 
ns 


Chip 
select 
setup 
time 
Tr:!':~ 
''0 
- 
ns 
Relative 
to ClK 


Chip 
select 
hold time 
TCSH 
0 
- 
ns 
Relative 
to CLK 


Chip 
select 
low time 
TCSL 
250 
- 
ns 


PRE 
setup 
time 
TPRES 
100 
- 
ns 
Relative 
to CLK 


PE setup 
time 
TPES 
100 
- 
ns 
Relative 
to CLK 


PRE hold time 
TPREH 
0 
- 
ns 
Relative 
to CLK 


PE hold time 
TPEH 
500 
- 
ns 
Relative 
to CLK 


Data 
input setup 
time 
TOls 
100 
- 
ns 
Relative 
to CLK 


Data 
input 
hold time 
TOIH 
100 
- 
ns 
Relative 
to CLK 


Data 
output 
delay 
time 
Tpo 
- 
400 
ns 
CL= 
100 pF 


Data 
output 
disable 
time 
Tcz 
- 
100 
ns 
CL = 100 pF (Note 
3) 
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DC AND AC ELECTRICAL 
VCC= +2.5V to +6.0V 


CHARACTERISTICS 
(CONTINUED) 
Commercial 
(C): 
Tamb = 
O'Cto +70'C 
Industrial 
(I): 
Tamb = -40'C to +85'C 


Parameter 
Svmbol 
Mln 
Max 
Units 
Conditions 


Status 
valid time 
Tsv 
500 
ns 
CL= 
100 pF 


Program 
cycle time 
Twc 
10 
ms 
ERASElWRITE 
mode 
(Note 
2) 


TEC 
15 
ms 
ERALmode 


TWl 
30 
ms 
WRALmode 


Note 1: 
This parameter 
is tested at Tamb = 25'C and FCLK = 1 MHz. 


Note 2: 
Typical program 
cycle time is 4 ms per word. 
Note 3: 
This parameter 
is periodically 
sampled 
and not 100% tested. 


93LCS56166 
(x 16 organization) 


Instruction 
SB 
Opcode 
Address 
DalaIn 
DalaOut 
PRE 
PE 
Comments 


READ 
1 
10 
A7 - AO' 
- 
015 - DO 
0 
X 
Reads data stored in memory, starting at 
specified address. 


EWEN 
1 
00 
l1XXXXXX 
- 
High-Z 
0 
1 
EraselWrite 
Enable must precede all program- 


ming modes. 


ERASE 
1 
11 
A7 -AQ' 
- 
(ROY/BSY) 
0 
1 
Erase data at specified address location if 
address is unprotected. 


ERAL 
1 
00 
10XXXXXX 
- 
(ROY/BSY) 
0 
1 
Erase all registers to 'FF'. Valid only when 
Protect Register is cleared. 


WRITE 
1 
01 
A7 - AO' 
015 - DOI(ROY/BSY) 
0 
1 
Writes register if address is unprotected. 


WRAL 
1 
00 
01XXXXXX 
015 - DO (ROY/BSY) 
0 
1 
Writes all registers. 
Valid only when Protect 
Register is cleared. 


EWOS 
1 
00 
OOXXXXXX 
- 
High-Z 
0 
X 
EraselWrite 
Disable deactivates all program- 


minn instructions. 


PRREAO 
1 
10 
XXXXXXXX 
- 
A7-AQ 
1 
X 
Reads address stored in Protect Register. 


PREN 
1 
00 
llXXXXXX 
- 
High - Z 
1 
1 
Must immediately 
precede PRCLEAR. 


PRWRITE and PROS instructions. 


PRCLEAR 
1 
11 
11111111 
- 
(ROYIBSY) 
1 
1 
Clears the Protect Register such that all data 
are NOT write-protected. 


PRWRITE 
1 
01 
A7 - AO' 
- 
(ROY/BSY) 
1 
1 
Programs 
address into Protect Register. 


Thereafter, 
memory addresses greater than or 
equal to the address in Protect Register are 
write-protected. 


PROS 
1 
00 
00000000 
- 
(ROY/BSY) 
1 
1 
ONE TIME ONLY instruction 
after which the 
address in the Protect Register cannot be 
altered. 
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The 93lCS56/66 
is organized as 128/256 registers by 
16 bits. 
Instructions, addresses 
and write data are 
clocked into the 01 pin on the rising edge of the clock 
(ClK). 
The DO pin is normally held in a high-Z state 
except when reading data from the device, or when 
checking the readylbusy status during a programming 
operation. The readylbusy status can be verified during 
an EraselWrite operation by polling the DO pin; DO low 
indicates that programming is still in progress, while DO 
high indicates the device is ready. The DO will enter the 
high-Z state on the falling edge of the CS. 


The START bit is detected by the device if CS and 01are 
both HIGH with respect to the positive edge of ClK for 
the first time. 


Before a START condition is detected, CS, ClK, and 01 
may change in any combination 
(except to that of a 
START condition), without resulting inany device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAl, 
WRAl, 
PRREAD, PREN, PRClEAR, 
PRWRITE, and 
PROS). As soon as CS is HIGH, the device is no longer 
in the standby mode. 


An instruction folloWing a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (Le., clock in orout olthe 
last required address or data bit) ClK and 01 become 
don't care bits until a new start condition is detected. 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO,the 
higher the voltage at the Data Out pin. 


pata Protection 


During power-up, all programming modes of operation 
are inhibited until Vcc has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when Vcc 
has fallen below 1.4V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. 
Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit output string. 
The output 
data bits will toggle on the rising edge of the ClK and are 
stable after the specified time delay (Tpo). Sequential 
read is possible when CS is held high. The memory data 
will automatically cycle to the next register and output 
sequentially. 


ERASElWRITE 
ENABLE AND 
DISABLE 


The 93lCS56/66 
powers up in the EraselWrite Disable 
(EWDS) state. 
All programming modes must be pre- 
ceded by an EraselWrite 
Enable (EWEN) instruction. 
The PE pin MUST be held "high" while loading the 
EWEN instruction. 
Once the EWEN instruction is ex- 
ecuted, programming remains enabled until an EWDS 
instruction 
is executed 
or Vcc 
is removed from the 
device. 
To protect against accidental data disturb, the 
EWDS instruction can be used to disable all EraseIWrite 
functions and should follow all programming operations. 
Execution of a READ instruction is independent of both 
the EWEN and EWDS instructions. 


The ERASE instruction forces all data bits 01the speci- 
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 
The PE pin MUST be latched "high" during 
loading the ERASE instruction but becomes a "don't 
care" after loading the instruction. 


The DO pin indicates the READYIBUSY status of the 
device if CS is brought high after a minimum 01250 ns 
low (TCSL). DO at logical "0" indicates that programming 
is still in progress. 
DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 
ERASE 
instruction is valid if specified address is unprotected. 
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The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. 
After the 
last data bit is put on the 01 pin, CS must be brought low 
before the next rising edge of the ClK clock. This falling 
edge of CS initiates the self-timed auto-erase and pro- 
gramming cycle. 
The PE pin MUST be latched "high" 
while loading the WRITE instruction 
but becomes a 
"don't care" thereafter. 


The DO pin indicates the READYIBUSY 
status of the 
device if CS is brought high after a minimum of 250 ns 
(TCSL). DO at logical "0" indicates that programming is 
still in progress. 
DO at logical "1" indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 
WRITE instruction is valid only if specified 
address is unprotected. 


The ERAl instruction will erase the entire memory array 
to the logical "1". 
The ERAl 
cycle is identical to the 
ERASE cycle exceptforthe 
different opcode. The ERAl 
cycle is completely self-timed and commences at the 
falling edge of the CS. PE pin MUST be held "high" while 
loading the instruction but becomes "don't care" thereaf- 
ter. Clocking of the ClK pin is not necessary after the 
device has entered the self clocking mode. The ERAl 
instruction is guaranteed at Vcc = 4.5 to 6V and valid 
only when Protect Register is cleared. 


The DO pin indicates the READYIBUSY 
status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


The WRAl instruction will write the entire memory array 
with the data specified in the command. 
The WRAl 
cycle is completely self-timed and commences at the 
falling edge of the CS. PE pin MUST be held "high" while 
loading the instruction but becomes "don't care" thereaf- 
ter. Clocking of the ClK pin is not necessary after the 
device has entered the self clocking mode. The WRAl 
command does include an automatic ERAl cycle for the 
device. 
Therefore, 
the WRAl 
instruction 
does not 
require an ERAl instruction but the chip must be in the 
EWEN status. The WRAL instruction is guaranteed at 
Vcc = 4.5 to 6V and valid only when Protect Register is 
cleared. 


The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TCSL). 


93LCS56/66 


Note: In order to execute either READ, EWEN, ERAl, 
WRITE, WRAl, or EWDS instructions, the Protect Reg- 
ister Enable (PRE) pin must be held lOW. 


The Protect Register Read (PRREAD) instruction out- 
puts the address stored in the Protect Register on the 
DO pin. The PRE pin MUST be held HIGH when loading 
the instruction and remains HIGH until CS goes lOW. 
A 
dummy zero bit precedes the a-bit output string. 
The 
output data bits in the memory Protect Register will 
toggle on the rising edge of the ClK 
as in the READ 
mode. 


The Protect Register Enable (PREN) instruction is used 
to enable the PRClEAR, 
PRWRITE, and PROS modes. 


Before the PREN mode can be entered, the device must 
be in the EWEN mode. Both PRE and PE pins MUST be 
held "high" while loading the instruction. 
The PREN 
instruction MUST immediately precede a PRClEAR, 
PRWRITE, or PROS instruction. 


The Protect RegisterClear(PRClEAR) 
instruction clears 
the address stored in the Protect Register and, there- 
fore, enables all registers for programming instructions 
such as ERASE, ERAl, WRITE, and WRAL. The PRE 
and PE pin MUST be held HIGH when loading the 
instruction. Thereafter, PRE and PE pins become "don't 
care". A PREN instruction must immediately precede a 
PRClEAR 
instruction. 


The Protect RegisterWrite (PRWRITE) instruction writes 
into the Protect Register the address of the first register 
to be protected. 
After this instruction is executed, all 
registers whose memory addresses are greater than or 
equal to the address pointer specified in the Protect 
register are protected from any programming instruc- 
tions. Note that a PREN instruction must be executed 
before a PRWRITE instruction and, the Protect Register 
must be cleared (by a PRClEAR 
instruction) before 
executing the PRWRITE instruction. The PRE and PE 
pins MUST be held HIGH while loading PRWRITE 
instruction. After the instruction is loaded, they become 
"don't care". 


The Protect Register Disable (PROS) instruction is a 
ONE TIME ONLY instruction to permanently set the 
address specified in the Protect Register. Any attempts 
to change the address pointer will be aborted. The PRE 
and PE pins MUST be held HIGH while loading PROS 
instruction. After the instruction is loaded, they become 
"don't care". 
Note that a PREN instruction must be 


executed before a PROS instruction. 
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Chip select (CS) 


A HIGH level selects the device. A lOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought lOW during a program cycle, the 
device will go into standby mode as soon as the program- 
ming cycle is completed. 


CS must be lOW for 250 ns minimum (TCSL)between 
consecutive 
instructions. 
If CS is lOW, 
the intemal 
control logic is held in a RESET status. 


The Serial Clock is used to synchronize the communica- 
tion between a master device and the 93lCS56166. 
Opcode, address, and data bits are clocked in on the 
positive edge of ClK. 
Data bits are also clocked out on 
the positive edge of ClK. 


ClK 
can be stopped anywhere 
in the transmission 
sequence (at HIGH or lOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock lOW time (TCKL).This gives the controlling master 
freedom in preparing opcode, address, and data. 


ClK is a "Don't Care" if CS is lOW (device deselected). 
If CS is HIGH, but START condition 
has not been 
detected, any number of clock cycles can be received by 
the device without changing its status 
(Le., waiting for 
START condition). 


ClK cycles are not required during the self-timed WRITE 
(Le., auto ERASElWRITE) cycle. 


of clock cycles (respectively lOW to HIGH transitions of 
ClK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). ClK and 01 then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go lOW between consecutive instruc- 
tions. 


Data In (01) 


Data In is used to clock in a START bit, opcode. address, 
and data synchronously with the ClK input. 


Data Out (DO) 


Data Out is used in the READ and PRREAD mode to 
output data synchronously with the ClK input (TPDafter 
the positive edge of ClK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. REAOY/BUSY sta- 
tus information is available on the DO pin if CS is brought 
HIGH after held lOW for minimum chip select low time 
(TCSL)and an ERASE or WRITE operation has been 
initiated. 


Program Enable (PEl 


This pin should be held HIGH in the programming mode 
or when executing the Protect Register programming 
instructions. 


protect Register Enable (PRE) 


This pin should be held HIGH when executing all Protect 
Register instructions. 
Otherwise, it must be held lOW 
for normal operations. 
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Protect 
Register 
MUST be cleared 
before a PRWRITE 
cycle. 
A PREN cycle must immediately 
precede 
a PRWRITE 
cycle. 
Address 
bit A7 is a "don' 
care" for 93LCS56. 
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To order 
or to obtain 
information, 
e.g., 
on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and refer to the 


factory 
or the listed 
sales 
offices. 


PART NUMBERS 


93LCS56166 
- IP 


PACKAGE: 
P 
SN 
SM 
SL 


PLASTIC 
DIP 
PLASTIC 
SOIC !150 mil BOdY!8.Lead 
PLASTIC 
SOIC 
207 mil Body 
8-Lead 
PLASTIC 
SOIC 
150 mil Body 
14-Lead 


O'Cto 
+70'C 


-4Q'C to +85'C 


Configuration 
(x16) 


CMOS 
Serial 
EEPROM 
93LCS56 


CMOS 
Serial 
EEPROM 
93LCS56X 


in altemate 
pinouts 
(SN package 
only) 


CMOS 
Serial 
EEPROM 
(in Tape & Reel) 
93LCS56T 


CMOS 
Serial 
EEPROM 
(in Tape & Real) 
93LCS56XT 


CMOS 
Serial 
EEPROM 
93LCS66 


CMOS 
Serial 
EEPROM 
93LCS66X 


CMOS 
Serial 
EEPROM 
lin Tane & Reali 
93LCS66T 


CMOS 
Serial 
EEPROM 
(in Tape & Reel) 
93LCS66XT 
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Serial EEPROM 


The purpose of this document 
is to provide a quick way 


to determine which Serial EEPROM parts are basically 
equivalent to which Microchip devices. The cross refer- 
ence section is broken down by manufacturer and lists 
all parts from that manufacturer, 
and the comparable 


Microchip part number. 


There are subtle differences from manufacturerto manu- 
facturer and device to device, so Microchip recom- 
mends 
consulting 
the 
respective 
manufacturer's 


databook for specific details. 


Microchip provides a wide selection of Serial EEPROM 
devices, both from a density and a packaging stand- 
point, as well as several different protocols. 
If you are 


interested in a part that is not listed in this book , please 
refer to the Microchip data book, or contact your local 
distributor or sales representative for assistance. 


The manufacturers 
included in this document are as 
follows: 


AKM 


Atmel 


Catalyst 


Exel 


ISSI 


Microchip 


Mitsubishi 


National 


Oki 


Philips 


Samsung 


SGS-Thomson 


Siemens 


Xicor 
•• 


______ ._0 
•••• I" 
•.•"'It.~1 
Mlcrocnlp 
Size 
Equivalent 


AKM 
AK93C45 
93C46 
1K 


AKM 
AK93C45L 
93C46 
1K 


AKM 
AK93C55 
93LC56 
2K 


AKM 
AK93C55L 
93AA56 
2K 


AKM 
AK93C57 
93LC56 
2K 


AKM 
AK6420 
93LC56 
2K 


AKM 
AK93C65 
93LC66 
4K 


AKM 
AK93C65L 
93AA66 
4K 


AKM 
AK93C67 
93LC66 
4K 


AKM 
AK6420 
93LC66 
4K 


ATMEL 
AT24C01A 
24LC01B/ 
1K 
24C01A 


ATMEL 
AT24C01A-2.7 
24LC01B 
1K 


ATMEL 
AT24C01A-2.5 
24LC01B 
1K 


ATMEL 
AT24C01A-1.8 
24AA01 
1K 


ATMEL 
AT59C11 
59C11 
1K 


ATMEL 
AT59C11-2.7 
59C11 
1K 


ATMEL 
AT59Cll-2.5 
59C11 
1K 


ATMEL 
AT59C11-1.8 
59C11 
1K 


ATMEL 
AT93C46 
93C46 
1K 


ATMEL 
AT93C46-2.7 
93LC46 
1K 


ATMEL 
AT93C46-2.5 
93LC46 
1K 


ATMEL 
AT93C46-1.8 
93LC46 
1K 


ATMEL 
AT93C56 
93C56 
2K 


ATMEL 
AT93C56-2. 7 
93LC56 
2K 


ATMEL 
AT93C56-2.5 
93LC56 
2K 


ATMEL 
AT93C56-1.8 
93AA56 
2K 


ATMEL 
AT93C57 
93C56 
2K 


ATMEL 
AT93C57-2.7 
93LC56 
2K 


ATMEL 
AT93C57-2.5 
93LC56 
2K 


ATMEL 
AT93C57-1.7 
93AA56 
2K 


ATMEL 
AT24C02 
24C021 
2K 
24LC02B 


ATMEL 
AT24C02-2.7 
24LC02B 
2K 


ATMEL 
AT24C02-2.5 
24LC02B 
2K 


ATMEL 
AT24C02-1.8 
24AA02 
2K 


ATMEL 
AT93C66 
93C66 
4K 


ATMEL 
AT93C66-2.7 
93LC66 
4K 


ATMEL 
AT93C66-2.5 
93LC66 
4K 


ATMEL 
AT93C66-1.8 
93AA66 
4K 


ATMEL 
AT24C04 
24C04/ 
4K 
24LC04B 


_._-_ ..... 
Manufacturer 
Part Number 
Microchip 
Size 
Equivalent 


ATMEL 
AT24C04-2.7 
24LC04B 
4K 


ATMEL 
AT24C04-2.5 
24LC04B 
4K 


ATMEL 
AT24C04-1.8 
24AA04 
4K 


ATMEL 
AT24C08 
24LC08B 
8K 


ATMEL 
AT24C08-2.7 
24LC08B 
8K 


ATMEL 
AT24C08-2.5 
24LC08B 
8K 


ATMEL 
AT24C08-1.8 
24AA08 
8K 


ATMEL 
AT24C16 
24LC16B 
16K 


ATMEL 
AT24C16-2.7 
24LC16B 
16K 


ATMEL 
AT24C16-2.5 
24LC16B 
16K 


ATMEL 
AT24C16-1.8 
24AA16 
16K 


ATMEL 
AT24Cl64 
24LCl64* 
16K 


ATMEL 
AT24Cl64-2.7 
24LC164* 
16K 


ATMEL 
AT24Cl64-2.5 
24LCl64* 
16K 


ATMEL 
AT24C164-1.8 
24AAl64* 
16K 


Catalyst 
CAT59C11/I/AIAI/H 
59C11 
1K 


Catalyst 
CAT33C101C/1 
93LC46 
1K 


Catalyst 
CAT33C101 
93LC46 
1K 


Catalyst 
CAT93C461I/H 
93LC46 
1K 


Catalyst 
CAT93C46AI/H 
93LC46 
1K 


Catalyst 
CAT35C102H11 
93C56 
2K 


Catalyst 
CAT93C5611 
93C56 
2K 


Catalyst 
CAT93LC56/1 
93LC56 
2K 


Catalyst 
CAT24C02l1 
24C02B/ 
2K 
24LC02B 


Catalvst 
CAT24LC02l1 
24LC02B 
2K 


Catalyst 
CAT24C04.1 
24C04A1 
4K 
24LC04B 


Catalyst 
CAT24LC04.1 
24LC04B 
4K 


Catalvst 
CAT35C1 04/HII 
93C66 
4K 


Catalyst 
CAT33C104 
93LC66 
4K 


Catalyst 
CAT35C704/1 
93C66 
4K 


Catalvst 
CAT33C704/1 
93LC66 
4K 


Catalyst 
CAT35C80 
93C66 
4K 


Catalyst 
CAT33C80 
93LC66 
4K 


Catalyst 
CAT24C08 
24LC08B 
8K 


Catalvst 
CAT24LC08 
24LC08B 
8K 


Catalvst 
CAT24C16 
24LC16B 
16K 


Catalyst 
CAT24LC16 
24LC16B 
16K 


Exel 
XL93LC06 
93C06 
256 bit 


Exel 
XL24C01A 
24C01A1 
1K 
24LC01B 


Closest 
Manufacturer 
Part Number 
Microchip 
Size 
Equivalent 


Exel 
XL24C01-2.5 
24LC01B 
1K 


Exel 
XL93C C8 LC 46 
93C46 
1K 


Exel 
XL93C C8 LC 46-3 93LC46 
1K 


Exel 
XL24C01A-3 
24LC01B 
1K 


Exel 
XL24C02 
24C02AI 
2K 
24LC02B 


Exel 
XL24C02-3 
24LC02B 
2K 


Exel 
XL93C56.LC56 
93C561 
2K 
LC56 


Exel 
XL24C01-2.5 
24LC02B 
2K 


Exel 
XL93LC56-3 
93LC56 
2K 


Exel 
XL93C66.LC66 
93C661 
4K 
93LC66 


Exel 
XL93C66-3,LC66-3 
93LC66 
4K 


Exel 
XL24C04 
24C04A1 
4K 
24LC04B 


Exel 
XL24C04-3 
24LC04B 
4K 


Exel 
XL24C04-2.5 
24LC04B 
4K 


Exel 
XL24C16 
24LC16B 
16K 


Exel 
XL24C16-3 
24LC16B 
16K 


1881 
I893C46 
93C46 
1K 


1881 
1893C46-3 
93LC46 
1K 


1581 
1893C56 
93C56 
2K 


1881 
1893C66 
93C66 
4K 


National 
NM93C06 
93C06 
256 bit 


National 
NM93C46 
93C46 
1K 


National 
NM93C46LZ 
93AA46 
1K 


National 
NM93C56 
93C56 
2K 


National 
NM93C56LZ 
93AA56 
2K 


National 
NM93C856 
93LCS56 
2K 


National 
NM93C856L 
93LC856 
2K 


National 
NM24C02 
24C02AI 
2K 
24LC02B 


National 
NM24C02L 
24LC02B 
2K 


National 
NM24C03 
24C02A 
2K 


National 
NM24C03L 
24LC02B 
2K 


National 
NM93C66 
93C66 
4K 


National 
NM93CS66 
93LC866 
4K 


National 
NM93C66L 
93LC66 
4K 


National 
NM93CS66L 
93LCS66 
4K 


National 
NM93C66LZ 
93AA66 
4K 


National 
NM24C04 
24C04A1 
4K 
24LC04B 


Serial EEPROM 


Closest 
Manufacturer 
Part Number 
Microchip 
Size 
Equivalent 


National 
NM24C04L 
24LC04B 
4K 


National 
NM24C05L 
24LC04B 
4K 


National 
NM24COB 
24LCOBB 
BK 


National 
NM24C08L 
24LCOBB 
BK 


National 
NM24C09 
24LCOBB 
BK 


National 
NM24C09L 
24LC08B 
8K 


National 
NM24C16 
24LC16B 
16K 


National 
NM24C16L 
24LC16B 
16K 


National 
NM24C17 
24LC16B 
16K 


National 
NM24C17L 
24LC16B 
16K 


Oki 
M8M16812 
93C56 
2K 


Phillips- 
PCA8581 
24C01A 
1K 
Signetics 


Phillips- 
PCF85B2C2 
85C82 
2K 
8ignetics 


Phillips- 
PCD8582D2 
85CB2 
2K 
Signetics 


Phillips- 
PCF8582F2 
85C82 
2K 
8ignetics 


Phillips- 
PCF8594C-2 
24AA04 
4K 
Signetics 


Phillips- 
PCD8594D-2 
24LC04B 
4K 
Signetics 


Phillips- 
PCF859BC-2 
24LC08B 
8K 
Signetics 


Phillips- 
PCD8598D-2 
24LC08B 
8K 
Signetics 


Phillips- 
PCD85898F-2 
24LC08B 
8K 
8ignetics 


8amsung 
KM93C06 
93C06 
256 bit 


8amsung 
KM93C07 
93C06 
256 bit 


8amsung 
KM93C46 
93C46 
1K 


8amsung 
KM94C46V 
93C46 
1K 


Samsung 
KM93C56 
93C56 
2K 


8amsuna 
KM93CS56 
93LCS56 
2K 


Samsung 
KM93C56V 
93AA56 
2K 


Samsung 
KM93C57 
93C56 
2K 


8amsung 
KM93C57V 
93AA56 
2K 


8amsung 
KM93C66 
93C66 
4K 


Samsung 
KM93CS66 
93LCS66 
4K 


8amsung 
KM93C66V 
93AA66 
4K 


Samsung 
KM93C67 
93C66 
4K 


Samsung 
KM93C67V 
93AA66 
4K 


SEEQ 
2913A 
93C46 
1K 


•• 


Serial EEPROM 


Closest 
Manufacturer 
Part Number 
Microchip 
Size 
Equivalent 


SEEQ 
2913C 
93C46 
1K 


SEEQ 
2914A 
93C46 
1K 


SEEQ 
2919G 
93C46 
1K 


SEEQ 
2922A 
93LC56 
2K 


SEEQ 
2929G 
93LC56 
2K 


SEEQ 
2934A 
93LC66 
4K 


SEEQ 
2929G 
93LC66 
4K 


SGS- Thomson 
ST93C06 
93C06 
256 bn 


SGS- Thomson 
ST24C01 
24LC01B 
1K 


SGS-Thomson 
ST93C46A 
93C46 
1K 


SGS-Thomson 
ST93C46T 
93C46 
1K 


SGS-Thomson 
ST93C46 
93LC46 
1K 


SGS- Thomson 
ST24W01 
24LC01B 
1K 


SGS-Thomson 
ST25W01 
24LC01B 
1K 


SGS- Thomson 
ST93C56 
93C56 
2K 


SGS- Thomson 
ST93CS56 
93LCS56 
2K 


SGS- Thomson 
ST93CS57 
93LCS56 
2K 


SGS- Thomson 
ST24C02A 
24LC02B 
2K 


SGS- Thomson 
ST24C02C 
24LC02B 
2K 


SGS- Thomson 
ST24W02C 
24LC02B 
2K 


SGS- Thomson 
ST25C02A 
24LC02B 
2K 


SGS- Thomson 
ST25W02C 
24LC02B 
2K 


SGS- Thomson 
ST93CS66 
93LCS66 
4K 


SGS- Thomson 
ST93CS67 
93LCS66 
4K 


SGS- Thomson 
ST24C04 
24C04A1 
4K 
24LC04B 


SGS- Thomson 
ST24C04C 
24LC04B 
4K 


SGS- Thomson 
ST24WP4C 
24LC04B 
4K 


SGS- Thomson 
ST25C04 
24LC04B 
4K 


SGS- Thomson 
ST25CORC 
24LC04B 
4K 


SGS·Thomson 
ST25W04C 
24LC04B 
4K 


SGS-Thomson 
ST24Coa 
24LC08B 
8K 


SGS- Thomson 
ST24C08C 
24LC08B 
8K 


SGS·Thomson 
ST25C08C 
24LC08B 
8K 


SGS- Thomson 
ST24C16C 
24LC16B 
16K 


SGS- Thomson 
ST24E16C 
24LC16B 
16K 


SGS- Thomson 
ST25C16C 
24LC16B 
16K 


SGS- Thomson 
ST25E16C 
24LC16B 
16K 


Siemens 
SDA2516-2 
24C01A1 
1K 
24LC01B 


Siemens 
SDA2526-2 
24C02AI 
2K 
24LC02B 


Closest 
Manufacturer 
Part Number 
Microchip 
Size 
Equivalent 


Siemens 
SDA2546 
24C04A1 
4K 
24LC04B 


Siemens 
SDA2586 
24LC08B 
8K 


Xicor 
X24C01A 
24LC01B 
1K 


Xicor 
X2402 
24C02A 
2K 


Xicor 
X24C02 
24LC02B 
2K 


Xicor 
X2404 
24C04A1 
4K 
24LC04B 


Xicor 
X24C04 
24LC04B 
4K 


Xicor 
X24C08 
24LC08B 
8K 


Xicor 
X24C16 
24LC16B 
16K 
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6 
PARALLEL EEPROM PRODUCT SPECIFICATIONS 


EEPROM 
28C04A 
28C16A 
28C17A 
28C64A 
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Parallel EEPROMs 


Ice 
Byte 
Endur· 
Device 
Densityl 
Access 
(Active! 
Write 
anee 
Temp 
'Pins 
Package 
Operating 
Organization 
Time (ns) 
Standby) 
Time 
(eyelest 
Range 
Types 
Voltage 


28C04A 
4K bits (512 x 8) 
15012001250 
30 mA/1 00 IlA 
1 ms 
10K 
C,I 
24,32 
P,J,L 
4.5V - 5.5V 


28C16A 
16K bits (2K x 8) 
15012001250 
30 mAIl 00 IlA 
1 ms 
10K 
C,I 
24,28,32 
P,J,TS,VS,L 
4.5V - 5.5V 


28C17A 
16K bits (2K x 8) 
15012001250 
30 mA/1 00 IlA 
1 ms 
10K 
C,I 
28,32 
P,J,SO,TS,VS,L 
4.5V - 5.5V 


28C64A 
64K bits (8K x 8) 
15012001250 
30 mAIl 00 IlA 
1 ms 
10K 
C,I 
28,32 
P,J,SO,TS,VS,L 
4.5V - 5.5V 


28C64AX 
64K bits (8K x 8) 
1501200/250 
30 mA/1 00 IlA 
1 ms 
10K 
C,I 
28,32 
P,J,SO,TS,VS,L 
4.5V - 5.5V 


28C04AF 
4K b~s (512 x 8) 
15012001250 
30 mA/1 00 IlA 
2ooJ.lS 
10K 
C,I 
24,32 
P,J,L 
4.5V - 5.5V 


28C16AF 
16K bits (2K x 8) 
15012001250 
30 mA/1 00 IlA 
2ooJ.lS 
10K 
C,I 
24,28,32 
P,J,TS,VS,L 
4.5V -5.5V 


28C17AF 
16K bits (2K x 8) 
15012001250 
30 mA/1 00 IlA 
2ooJ.lS 
10K 
C,I 
28,32 
P,J,SO,TS,VS,L 
4.5V -5.5V 


28C64AF 
64K bits (8K x 8) 
1501200/250 
30 mA/1 00 IlA 
2ooJ.lS 
10K 
C,I 
28,32 
P,J,SO,TS,VS,L 
4.5V - 5.5V 


P 
= Plastic DIP 


SN 
= .150" 81d SOIC 
S 
= Dice in Wafftepack 


J 
= Ceramic DIP 


SM = .207" 81dSOIC 
K 
= ceramic 
LCC 


SO 
= .300' 281d SOIC 
TS 
= 281d TSOP (8x2Omm) 


L 
= PLCC 
SL 
= .15O"14IdSOIC 
W 
= Dice in Wafer Form 


VS 
= 281d VSOP (8x13.4mm) 


• Endurance is guaranteed 
to 10K cycles at extended (-40'C to +125'C) 
temperature. 


NOTE: 
NOT ALL COMBINATIONS 
OF SPEEDfTEMPERATURE 
RANGE/PACKAGE/ETC. 
ARE AVAILABLE. 
CONSULT 
FACTORY FOR SPECIFIC 
PART INFORMATION. 
•• 
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28C04A 


• 
Fast Read Access Time-150 
ns 
• 
CMOS Technology for Low Power Dissipation 
- 
30 mA Active 
- 
100 IJA Standby 
• 
Fast Byte Write Time-2oo 
lls or 1 ms 
• 
Data Retention >10 years 
• 
Endurance - Minimum 10' EraselWrite Cycles 
• 
Automatic Write Operation 
- 
Internal Control Timer 
- 
Auto-Clear Before Write Operation 
- 
On-Chip Address and Data Latches 
• 
Data Polling 
• 
Chip Clear Operation 
• 
Enhanced Data Protection 
- 
Vcc Detector 
- 
Pulse Filter 
- 
Write Inhibit 


• 
5-Volt-only 
Operation 
• 
Organized 512x8 JEDEC standard pinout 
- 
24-pin Dual-In-Line Package 
- 
32-pin Chip Carrier (Leadless or Plastic) 
• 
Available for Extended Temperature Ranges: 
- 
Commercial: 
O·C to 70·C 
- 
Industrial: 
-40·C to as·C 


The Microchip Technology Inc. 28C04A is a CMOS 4K 
non-volatile 
electrically 
Erasable and Programmable 
Read Only Memory (EEPROM). 
The 28C04A 
is ac- 
cessed like a static RAM for the read or write cycles 
without the need of extemal components. During a "byte 
write", the address and data are latched internally, 
freeing the microprocessor 
address and data bus for 
other operations. 
Following the initiation of write cycle, 


the device will go to a busy state and automatically clear 
and write the latched data using an intemal control timer. 
To determine when a write cycle iscomplete, the 28C04A 
uses Data polling. Data polling allows the user to read 
the location last written to when the write operation is 
complete. 
CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 
•• 


VCCand input voltages w.r.t. Vss 
-0.6V to + 6.2SV 
Voltage on OE w.r.t. Vss 
-0.6V to +13.SV 
Output Voltage w.r.t. VSS 
-0.6V to Vcc+0.6V 
Storage temperature 
-6S"C to 12S'C 
Ambient temp. with power applied 
-SO'C to 9S'C 


'Notice: 
Stresses above those listed under "Maximum Ratings' 
may cause permanent damage to the device. 
This is a stress 


rating only and functional operation olthe device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


AO-A8 
CE 
OE 
WE 
1/00 -1/07 
VCC 
VSS 
NC 


Address Inputs 
Chip Enable 
Output Enable 
Write Enable 
Data Inputs/Outputs 
+SV Power Supply 
Ground 
No Connect; No Intemal 
Connection 
Not Used; No Extemal 
Connection is Allowed 


READ I WRITE 
OPERATION 
Vcc=+SV±10% 
DC Characteristics 
Commercial (C): Tamb= 
O"Cto 70"C 
Industrial 
(I): Tamb= -40"C to 85'C 


Parameter 
Status 
Symbol 
Min 
Max 
Units 
Conditions 


Input Voltages 
Logic'1' 
VIH 
2.0 
Vcc+1 
V 
Logic '0' 
VIL 
-Q.1 
0.8 
V 


Input Leakage 
lu 
-10 
10 
~ 
VIN= -Q.1Vto Vcc+1 


Input Capacitance 
CIN 
10 
pF 
VIN = OV;Tamb = 2S"C; 
f= 1 MHz 


Output Voltages 
Logic'1' 
VOH 
2.4 
V 
IOH=-4oo~ 
Logic '0' 
VOL 
O.4S 
V 
IOL= 2.1 mA 


Output Leakage 
ILO 
-10 
10 
~ 
VOlIT = -Q.1V to Vcc +c.1V 


Output Capacitance 
CouT 
12 
pF 
VIN = OV;Tamb = 2S'C; 
f= 1 MHz 


Power Supply Current, Active 
TTL input 
Icc 
30 
mA 
f = S MHz (Note 1) 
VCC=S.SV; 
- 
Power Supply Current, Standby 
TTL input 
ICC(S)TIL 
2 
mA 
CE = VIH (O"Cto 70"C) 
TTL input 
ICC(S)TTL 
3 
mA 
CE = VIH (-40"C to 8S"C) 


CMOS input 
Icc(SlCMOS 
100 
~ 
CE = Vcc-0.3 to Vcc+1 


READ OPERATION 
AC Testing Waveform: 
VIH= 2.4V; VIL = 0.45V; VOH= 2.0V; VOL = 0.8V 
AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: 
Commercial (C): Tamb = 
O'Cto 70'C 
Industrial 
(I): Tamb = -4O'C to SS'C 


Parameter 
Sym 
28C04A-15 
28C04A-20 
28C04A-25 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


150 
200 
250 
- 
- 
Address to Output Delay 
tACe 
ns 
OE = CE = VIL 
- 
150 
200 
OE=VIL 
CE to Output Delay 
tee 
250 
ns 


OE to Output Delay 
70 
80 
100 
- 
tOE 
ns 
CE=VL 
- 
- 
0 
50 
0 
55 
0 
70 
CE or OE High to Output Float 
tOFF 
ns 


OU.!Q!JtHold from Address, CE 
tOH 
0 
0 
0 
ns 
or OE, whichever occurs first 


READ WAVEFORMS 


VIH 
Address 


VIL 


VIH 
CE 
VIL 


VIH 
OE 
VIL 


VOH 
HighZ 
Data 
Vex. 


VIH 
WE 
VIL 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested 
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BYTE WRITE 
AC Testing Wavefonn: 
VIH= 2.4V and VIL = OA5V; VOH= 2.0V; VOL = 0.8V 


Output Load: 
1 TTL Load + 100 pF 
AC Characteristics 
Input Rise/Fall Times: 
20 nsee 
Ambient Temperature: 
Commercial (C): Tamb = 
O·Cto 70·C 
Industrial 
(I): Tamb = -40·C to 85"C 


Parameter 
Symbol 
Min 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
10 
ns 


Address Hold TIme 
tAH 
50 
ns 


Data Set-Up Time 
too 
50 
ns 


Data Hold TIme 
tOH 
10 
ns 


Write Pulse Width 
tWPL 
100 
ns 
Note 1 


Write Pulse High Time 
tWPH 
50 
ns 


OEHoidTIme 
tOEH 
10 
ns 
-OE set-Up Time 
tOES 
10 
ns 


Data Valid Time 
to.! 
1000 
ns 
Note 2 


Write Cycle Time (28C04A) 
tv.c 
1 
rns 
0.5 ms typical 


Write Cycle Time (28C04AF) 
tv.c 
200 
IJS 
100 IJStypical 


Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 


(2) Data must be valid within 1OOOnsmax. after a write cycle is initiated and must be stable at least until 
toH after the positive edge of WE or CE, whichever occurs first. 


PROGRAMMING 
WAVEFORMS 


VIH 
} 


Address 
VIL 
tAH 
VIH 
CE,WE 
tWPL 
VIL 


VIH 
Data In 
VIL 


VIH 
OE 
VIL 


VIH =:x 
Address 
VIL 
Address Valid X'- 
f f 
~ 
-~tACC 


CE 
VIH~ 


VIL 


VIH 
Data 
VIL 


VIH 
CE 


OE 


VIH 


VIH 
WE 


Vil 


28C04A 


>C 


tw = 10ms 
ts =tH = 1IJs 
VH = 12.0V 
±O.5V 
• 


The Microchip Technology Inc. 28C04A has four basic 
modes of operation-read, 
standby, write inhibit, and 
byte write-as 
outlined in the following table. 
- 
- 
- 
Operation Mode 
CE 
OE 
WE 
I/O 


Read 
L 
L 
H 
Dcur 
Standby 
H 
X 
X 
HighZ 
Write Inhibit 
H 
X 
X 
HighZ 
Write Inhibit 
X 
L 
X 
HighZ 
Write Inhibit 
X 
X 
H 
HighZ 
Byte Write 
L 
H 
L 
DIN 
Byte Clear 
Automatic Before Each "Write" 


The 28C04A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. 
Chip enable (CE) is the power control and 
sbmJld be used for device selection. 
Output 
Enable 
(OE) is the output control and is used to gate data to the 
output pins independent of device selection. Assuming 
that addresses are stable, address access time (lACC)is 
equal to the delay from CE to output (teE). 
Data is 
available at the output tOEafter the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least lAce-toE. 


The 28C04A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the outQ!!ts are in a high impedance state, independent 
of the OE input. 


In order to ensure data integrity, especially during critical 
power-up 
and power-down 
transitions, 
the following 
enhanced data protection circuits are incorporated: 


First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vee is less than the Vee detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 


The 28C04A has a write cycle similar to that of a Static 
RAM. 
The write cycle is completel~lf-timed 
and 
initiated by a lo~oing 
pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. 


The 28C04A features Data polling to signal the comple- 
tion of a byte write cycle. 
During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (1/00 to 1/06 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


All data...m.aybe cleared to 1's in a ch!Q...£learcYfle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data. 
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To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers. and refer to the factory 
or the listed sales offices. 


Package: 
J 
Cerdip 
L 
Plastic Leaded Chip Carrier (PLCC) 


P 
Plastic DIP 


Temperature 
Blank 
O·C t070·C 
Range: 
I 
-40·C to 85·C 


Access Time: 
15 
150 ns 
20 
200 ns 
25 
250 ns 


Shipping: 
Blank 
Tube 
T 
Tape and Reel 'L' only. 


Option: 
=!We=1ms 
F 
= !We = 200 lIS 


Device: 
28C04A 
512 x 8 CMOS EEPROM 


28C16A 


• 
Fast Read Access Time-1S0 
ns 
• 
CMOS Technology for Low Power Dissipation 
- 
30 mA Active 
- 
100 lJA Standby 
• 
Fast Byte Write Time-2oo 
Ils or 1 ms 
• 
Data Retention> 10 years 
• 
High Endurance - Minimum 10' EraselWrite Cycles 
• 
Automatic Write Operation 
- 
Internal Control Timer 
- 
Auto-Clear Before Write Operation 
- 
On-Chip Address and Data Latches 
• 
Data polling 
• Chip Clear Operation 
• 
Enhanced Data Protection 
- 
Vee Detector 
- 
Pulse Filter 
- 
Write Inhibit 
• 
Electronic Signature for Device Identification 
• S-Volt-0nly Operation 
• Organized 2Kx8 JEDEC Standard Pinout 
- 
24-pin Dual-In-Line Package 
- 
32-pin Chip Carrier (Leadless or Plastic) 
- 
28-pin Thin Small Outline Package (TSOP) 
8x2Qmm 
- 
28-pin Very Small Outline Package (VSOP) 
8x13.4mm 
Available for Extended Temperature Ranges: 
- 
Commercial: O'C to 70'C 
- 
Industrial: 
-40'C to 8S'C 


The Microchip Technology Inc. 28C16A is a CMOS 16K 
non-volatile electrically Erasable PROM. The 28C16A 
is accessed like a static RAM for the read or write cycles 
without the need of external components. During a "byte 
write", the address and data are latched 
internally, 
freeing the microprocessor 
address and data bus for 
other operations. 
Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
and write the latched data using an internal control timer. 
To determine when a write cycle iscomplete, the 28C16A 
uses Data polling. 
Data polling allows the user to read 
the location last written to when the write operation is 
complete. 
CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 
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ELECTRICAL 
CHARACTERISTICS 


MAXIMUM 
RATINGS· 


Vcc and input voltages w.r.t. Vss 
-0.6V to + 6.2SV 
Voltage on OE W.r.t. Vss 
-Q.6V to +13.SV 
Voltage on A9 w.r.t. Vss 
-Q.6V to +13.SV 
Output Voltage w.r.t. Vss 
-Q.6V to Vcc+0.6V 
Storage temperature 
-6S'C to 12S'C 
Ambient temp. with power applied 
-SO'C to 9S'C 


'Notice: 
Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. 
This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
olthis specification 
is not implied. Exposure to maximum rating 
conditions 
for extended periods may allect device reliability. 


PIN FUNCTION 
TABLE 


Name 
Function 


AO - A10 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
WE 
Write Enable 
1/00 -1/07 
Data Inputs/Outputs 
Vcc 
+SV Power Supply 
Vss 
Ground 
NC 
No Connect; No Intemal 
Connection 
NU 
Not Used; No External 
Connection is Allowed 


READ I WRITE 
OPERATION 
Vcc = +SV ±10% 
DC Characteristics 
Commercial (C): Tamb= 
0'Ct070'C 
Industrial 
(I): Tamb= -40'C to SS'C 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
Logic "1" 
VIH 
2.0 
Vcc+1 
V 
Logic "0" 
VIL 
.0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
!JA 
VIN= -Q.1V to Vcc+1 


Input Capacitance 
- 
CIN 
- 
10 
pF 
VIN = OV; Tamb = 2S'C; 
1= 1 MHz 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 !JA 
Logic '0' 
VOL 
O.4S 
V 
IOL=2.1 mA 


Output Leakage 
- 
ILO 
-10 
10 
!JA 
Vour = -Q.1V to Vcc+O.1V 


Output Capacitance 
- 
CoUT 
- 
12 
pF 
VIN = OV; Tamb = 2S'C; 
1= 1 MHz 


Power Supply Current, Active 
TILinput 
Icc 
- 
30 
mA 
1= S MHz (Note 1) 
Vcc= 
S.SV; 


Power Supply Current, Standby 
TILinput 
lCC(s)TIL 
- 
2 
mA 
CE = VIH (O'C to 70'C) 
TILinput 
lCC(s)TIL 
3 
mA 
CE = VIH (-40'C to SS'C) 
CMOS input 
ICC(S)CMOS 
100 
!JA 
CE = Vcc-0.3 to Vcc+1 


READ OPERATION 
AC Testing Waveform: 
VIH= 2.4V; VIL = 0.45V; VOH= 2.0V; VOL = 0.8V 


AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: 
Commercial (C): Tamb = 
O' Ct070'C 
Industrial 
(I): Tamb = -40' C to SS'C 


Parameter 
Sym 
28C16A-15 
28C16A-20 
28C16A-25 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


Address to Output Delay 
tACe 
- 
150 
- 
200 
- 
250 
ns 
OE = CE = VIL 
- 
OE=VIL 
CE to Output Delay 
tCE 
- 
150 
- 
200 
- 
250 
ns 


OE to Output Delay 
tOE 
- 
70 
- 
80 
- 
100 
ns 
CE=VL 
- 
CE or OE High to Output Float 
tOFF 
0 
50 
0 
55 
0 
70 
ns 


O~ut 
Hold from Address, CE 
tOH 
0 
- 
0 
- 
0 
- 
ns 
or OE, whichever occurs first. 


READ WAVEFORMS 


VIH 
Address 


VIL 


VIH 
CE 
VIL 


VIH 
OE 
VIL 


VOH 
HighZ 
Data 
VOL 


VIH 
WE 
VIL 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested 
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- 
1\0" .•~ A 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; VOH= 2.0V; VOL = 0.8V 
BYTE WRITE 
AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise/Fall Times: 
20ns 
Ambient Temperature: 
Commercial (C): Tamb = 
O'Cto 70'C 
Industrial 
(I): Tamb = -40'C to 85'C 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
10 
- 
ns 


Address Hold Time 
t,>H 
50 
- 
ns 


Data Set-Up Time 
tDS 
50 
- 
ns 


Data Hold Time 
tOH 
10 
- 
ns 


Write Pulse Width 
tWPL 
100 
- 
ns 
Note 1 


Write Pulse High Time 
tWPH 
50 
- 
ns 


OE Hold Time 
tOEH 
10 
- 
ns 


OE Set-Up Time 
tOES 
10 
- 
ns 


Data Valid Time 
tCN 
- 
1000 
ns 
Note 2 


Write Cycle Time (28C16A) 
twe 
- 
1 
ms 
0.5 ms typical 


Write Cycle Time (28C16AF) 
twe 
- 
200 
lIS 
100 lIS typical 


Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 


(2) Data must be valid within 1OOOnsm~ 
after a write cycle is initiated and must be stable at least until 
tOHafter the positive edge of WE or CE, whichever occurs first. 


PROGRAMMING WAVEFORMS 


VIH 
I~J 


Address 
VIL 


VIH 
CE,WE 
tWPL 
VIL 


VIH 
Data In 
VIL 


VIH 
OE 
VIL 


VIH~ 
Address 
VIL 
Address Valid X 
ff 
>rl: 
-:...jtACC 
>C 


VIH 
Data 


VIL 


VIH 
CE 


VIL 


OE 


VIH 


VIH 
WE 


VIL 
tw = 10ms 
ts =tH = 1IJs 
VH = 12.0V ±O.5V 


SUPPLEMENTARY 
CONTROL 


Mode 
CE 
OE 
WE 
A9 
Vcc 
110, 
ChiD Clear 
VIL 
VH 
VIL 
X 
Vcc 
Extra Row Read 
VIL 
VIL 
VIH 
A9=VH 
Vcc 
Data Out 
Extra Row Write 
. 
VIH 
. 
A9=VH 
Vcc 
Data In 
Note: VH = 12.0V ±O.5V 
• Pulsed per programming waveforms. 


The Microchip Technology Inc. 28C16A has four basic 
modes of operation-read, 
standby, write inhibit, and 
byte write-as 
outlined in the following table. 


Operation Mode 
- 
- 
- 
CE 
OE 
WE 
1/0 


Read 
L 
L 
H 
Dour 
Standby 
H 
X 
X 
HighZ 
Write Inhibit 
H 
X 
X 
HighZ 
Write Inhibit 
X 
L 
X 
HighZ 
Write Inhibit 
X 
X 
H 
HighZ 
Byte Write 
L 
H 
L 
DIN 
Byte Clear 
Automatic Before Each "Write" 


X = Any TTL level. 


Read Mode 


The 28C16A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. 
Chip enable (CE) is the power control and 
should be used for device selection. 
Output 
Enable 
(OE) is the output control and is used to gate data to the 
output pins independent of device selection. Assuming 
that addresses are stable, address access time (tAcC)is 
equal to the delay from CE to output (tCE). Data is 
available at the output tOEafter the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tACC-tOE. 


The 28C16A is placed in the standby mode by applying 
a high signal to the CE input. When inthe standby mode, 
the ou~ts 
are in a high impedance state, independent 
of the OE input. 


In order to ensure data integrity, especially during critical 
power-up and power-down 
transitions, 
the following 
enhanced data protection circuits are incorporated: 


First, an intemal vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


The 28C16A has a write cycle similar to that of a Static 
RAM. 
The write cycle is completely 
self-timed and 
initiated by a I~oing 
pulse on the WE pin. 
On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. 


The 28C16A features Data polling to signal the comple- 
tion of a byte write cycle. 
During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (1100 to 1/06 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
extemal hardware. 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. 
By raising A9 
to 12V ±O.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


All data...!!!aybe cleared to 1's in a ch!ILflear 
mle 
by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


28C16AF T -15 
II P 


Package: 
J 
Cerdip 
L 
Plastic Leaded Chip Carrier (PLCC) 


P 
Plastic DIP 
TS 
Thin Small Outline Package (TSOP) 8x2Omm 


VS 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 
Blank 
O·C t070·C 
Range: 
I 
-40·C to SS·C 


Access Time: 
15 
150 ns 
20 
200 ns 
25 
250 ns 


Shipping: 
Blank 
Tube 
T 
Tape and Reel'L' 
only 


Option: 
= tw::; = 1 ms 
F 
= tw::; = 200 Il5 


Device: 
28C16A 
2K x 8 CMOS EEPROM 


28C17A 


• 
Fast Read Access Time-150 
ns 
• 
CMOS Technology for Low Power Dissipation 
- 
30 mA Active 
- 
100 l1A Standby 
Fast Byte Write Time-2oo 
~s or 1 ms 
• 
Data Retention> 10 years 
• 
High Endurance - Minimum 10" EraselWrite Cycles 


• 
Automatic Write Operation 
- 
Internal Control Timer 
- 
Auto-Clear Before Write Operation 
- 
On-Chip Address and Data Latches 
• 
Data Polling 


• 
Ready/Busy 
• 
Chip Clear Operation 
• 
Enhanced Data Protection 
- 
vcc Detector 
- 
Pulse Filter 
- 
Write Inhibit 


• 
Electronic Signature for Device Identification 
• 
5-Volt-Only Operation 


• 
Organized 2Kx8 JEDEC Standard Pinout 
- 
28 Pin Dual-tn-Line Package 


- 
32-Pin Chip Carrier (Leadless or Plastic) 
- 
28-Pin Thin Small Outline Package (TSOP) 
8x20mm 
- 
28-Pin Very Small Outline Package (VSOP) 
8x13.4mm 
• 
Available for Extended Temperature Ranges: 
- 
Commercial: O·C to 70·C 
- 
Industrial: -40·C to as·c 


DESCRIPTION 


The Microchip Technology Inc. 28C17 A is a CMOS 16K 
non-volatile electrically Erasable PROM. The 28C17A 
is accessed like a static RAM for the read or write cycles 
withoutthe need of external components. During a "byte 
write", the address 
and data are latched internally, 
freeing the microprocessor 
address and data bus for 
other operations. 
Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
and write the latched data using an internal control timer. 
To determine when the write cycle is complete, the user 
has a choice of monitoring the ReadylBusy output or 
using Data polling. The ReadylBusy pin is an open drain 
output, which allows easy configuration in wired-or sys- 
tems. Alternatively, Data polling allows the user to read 
the location last written to when the write operation is 
complete. 
CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 
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ELECTRICAL 
CHARACTERISTICS 


MAXIMUM 
RATINGS· 


Vcc and input voltages w.r.t. Vss 
-C.6V to + 6.2SV 
Voltage on OE w.r.t. VSS 
-C.6V to +13.SV 
Voltage on A9 w.r.t. Vss 
-C.6V to +13.SV 
Output Voltage w.r.t. VSS 
-C.6V to Vcc+0.6V 
Storage temperature 
-6S'C to 12S'C 
Ambient temp. with power applied 
-SO'C to 9S'C 


"Notice: Stresses above those listed under'Maximum 
Ratings' 


may cause permanent damage to the device. 
This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


PIN FUNCTION 
TABLE 


Name 
Function 


AO - A10 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
WE 
Write Enable 
1/00 -1/07 
Data Inputs/Outputs 
RDY/Busy 
Ready/Busy 
Vcc 
+SV Power Supply 


Vss 
Ground 
NC 
No Connect; No Internal 
Connection 
NU 
Not Used; No External 
Connection is Allowed 


READ I WRITE 
OPERATION 
Vcc=+SV±10% 


DC Characteristics 
Commercial (C): Tamb= 
O'Cto 70'C 
Industrial 
(I): Tamb= -40'C to 85'C 


Parameter 
Status 
Symbol 
Min 
Max 
Units 
Conditions 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Logic '0' 
VIL 
-C.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
J.1A 
VIN= -C.1V to Vcc+1 


Input Capacitance 
- 
CIN 
- 
10 
pF 
VIN = OV; Tamb = 2S'C; 
f= 1 MHz 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 J.1A 
Logic '0' 
VOL 
0.45 
V 
IOL=2.1 mA 


Output Leakage 
- 
ILO 
-10 
10 
J.1A 
VOlJr = -0.1V to Vcc +0.1V 


Output Capacitance 
- 
CooT 
- 
12 
pF 
VIN = OV; Tamb = 2S'C; 
f= 1 MHz 


Power Supply Current. Active 
TTL input 
Icc 
- 
30 
mA 
f = S MHz (Note 1) 
Vcc= 
S.SV; 


Power Supply Current. Standby 
TTL input 
Icc(s)TIL 
- 
2 
mA 
CE = VIH (O"Cto 70'C) 


TTL input 
lCC(s)TIL 
3 
mA 
CE = VIH (-4Q'C to 85'C) 


CMOS input 
lCC(s)CMOS 
100 
J.1A 
CE = Vcc-C.3 to VCC+1 


READ OPERATION 
AC Testing Waveform: 
VIH= 2.4V; VIL = 0.45V; VOH= 2.0V; VOl = 0.8V 
AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 ns 
Ambient Temperature: 
Commercial (C): Tamb= 
O·Cto 70'C 
Industrial 
(I): 
Tamb = -40'C to as·C 


Parameter 
Sym 
28C17A-15 
28C17A-20 
28C17A-25 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


Address to Output Delay 
tACe 
- 
150 
- 
200 
- 
250 
ns 
OE = CE = VIL 


CE to Output Delay 
- 
tCE 
- 
150 - 
200 
- 
250 
ns 
OE=VIL 
-OE to Output Delay 
tOE 
- 
70 
- 
80 
- 
100 
ns 
CE=VL 


CE or OE High to Output Float 
tOFF 
0 
50 
0 
55 
0 
70 
ns 
- 
Output Hold from Address, CE 
tOH 
0 
- 
0 
- 
0 
- 
ns 
or OE, whichever occurs first. 


READ WAVEFORMS 


VIH 
Address 


VIL 


VIH 
CE 
VIL 


VIH 
OE 
VIL 


VOH 
HighZ 
Data 
VOL 


VIH 
WE 
VOL 


Notes: (1) !OFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOE after the falling edge of CE without impact on teE 
(3) This parameter is sampled and is not 100% tested 
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BYTE WRITE 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; V OH= 2.0V; VOL = O.BV 
Output Load: 
1 TTL Load + 100 pF 
AC Characteristics 
Input Rise/Fall Times: 
20ns 
Ambient Temperature: 
Commercial (C): Tamb = 
O·Cto 70·C 
Industrial 
(I): Tamb = -40·C to SS·C 


Parameter 
Symbol 
Min 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
10 
- 
ns 


Address Hold Time 
tAH 
50 
- 
ns 


Data Set-Up Time 
too 
50 
- 
ns 


Data Hold Time 
tDH 
10 
- 
ns 


Write Pulse Width 
tWPL 
100 
- 
ns 
Note 1 


Write Pulse High Time 
tWPH 
50 
- 
ns 


OE Hold Time 
tOEH 
10 
- 
ns 


OE Set-Up Time 
tOES 
10 
- 
ns 


Data Valid Time 
tIN 
- 
1000 
ns 
Note 2 


Time to Device Busy 
too 
2 
50 
ns 


Write Cycle Time (2BC17A) 
tv.c 
- 
1 
rns 
0.5 ms typical 


Write Cycle Time (2BC17AF) 
tv.c 
- 
200 
I!S 
100 Ils typical 


Note: (1) A wrile cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 


(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
tDHafter the positive edge of WE or CE, whichever occurs first. 


PROGRAMMING 
WAVEFORMS 


VIH 


~ .. 
t~=f 


Address 
VIL 


VIH 
CE,WE 
tWPL 
VIL 


VIH 
Data In 
VIL 


tOES 
VIH 
OE 
VIL 
tOEH 


VOH 


LtDB 
Bu~adY 
Rdy/Busy 
VOL 
twc 


VIH ==>< 
Address Valid X 
ff 
Address 
VIL 


CE 
VIH~ 


VIL 
tWPH 


_ 
VIH 
WE 
VIL 


VIH 
OE 
VIL 


VIH 
Data 
VIL 


•• 
twe 


-~tAee 
>C 


Last Written 
Address Valid 


VIH 
CE 


VIL 


OE 
VIH 


VIH 
WE 


VIL 
tw = 10ms 
Is =IH = 1IJs 
VH = 12.0V ±O.5V 


SUPPLEMENTARY 
CONTROL 


Mode 
CE 
OE 
WE 
A9 
Vcc 
1/01 
ChiD Clear 
VIL 
VH 
VIL 
X 
Vcc 
Extra Row Read 
VIL 
VIL 
VIH 
A9=VH 
Vcc 
DalaOul 
Extra Row Wrile 
. 
VIH 
. 
A9=VH 
Vcc 
Dalaln 
Nole: VH = 12.0V ±O.5V 
• Pulsed per programming waveforms. 
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28C17A 


The Microchip Technology Inc. 28C17A has four basic 
modes of operation-read, 
standby, write inhibit, and 
byte write-as 
ou1lined in the following table. 


Operation Mode CE 
OE 
WE 
I/O 
Rdy/BusY(l) 


Read 
L 
L 
H 
Dour 
H 
Standby 
H 
X 
X 
HighZ 
H 
Write Inhibit 
H 
X 
X 
HighZ 
H 
Write Inhibit 
X 
L 
X 
HighZ 
H 
Write Inhibit 
X 
X 
H 
HighZ 
H 
Byte Write 
L 
H 
L 
DIN 
L 
Byte Clear 
Automatic Before Each "Write" 
I 
Note: (1) Open drain output. 


(2) X = Any TTL level. 


The 28C17A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. 
Chip enable (CE) is the power control and 
should be usedfordevice 
selection. Output Enable (OE) 
isthe output control and is used to gate data to the outpu1 
pins independent of device selection. 
Assuming that 
addresses are stable, address access time (IACC)equal 
to the delay from CE to output (tCE). Data is available at 
the output tOEafter the falling edge of OE, assuming that 
CE has been low and addresses have been stable for at 
least IACC-tOE. 


Standby 
Mode 


The 28C17A is placed in the standby mode by applying 
a high signal to the CE input. When inthe standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


In order to ensure data integrity, especially during critical 
power-up 
and power-down 
transitions, 
the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


The 28C17A has a write cycle similar to that of a Static 
RAM. 
The write cycle is completeluelf-timed 
and 
initiated by a I~oing 
pulse on the WE pin. 
On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The Ready/Busy pin goes to a logic low 
level indicating thatthe 28C17 A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C17A has completed writing and is ready 
to accept another cycle. 


Data Polling 


The 28C17A features Data polling to signal the comple- 
tion of a byte write cycle. 
During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (1100to 1/06 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Electronic 
Signature 
for Deylce Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. 
By raising A9 
to 12V ±O.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


Chip Clear 


All data-!!lay be cleared to l's in a chi£.£lear c~le 
by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


28C17AF T·15 
liP 


Package: 
J 
Cerdip 
L 
Plastic Leaded Chip Carrier (PLCC) 
P 
Plastic DIP 
SO 
Plastic Small Outline IC 
TS 
Thin Small Outline Package (TSOP) 8x20mm 
VS 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 
Blank 
O'C t070'C 
Range: 
I 
-40'C 
to as'C 


Access 
TIme: 
15 
150ns 
20 
200 ns 
25 
250 ns 


Shipping: 
Blank 
Tube 
T 
Tape and Reel'L' 
and 'SO' 


Option: 
=1Yoc=1ms 
F 
= IYoc= 200 lIS 


Device: 
28C17A 
2K x 8 CMOS EEPROM 


MICROCHIP 
28C64A 


• 
Fast Read Access Time-150 
ns 
• 
CMOS Technology for Low Power Dissipation 
- 
30 mA Active 
- 
100 J.1AStandby 


• 
Fast Byte Write Time-2oo 
Ils or 1 ms 
• 
Data Retention> 10 years 
• 
High Endurance - Minimum 10" EraselWrite Cycles 
• 
Automatic Write Operation 
- 
Internal Control Timer 
- 
Auto-Clear Before Write Operation 
- 
On-Chip Address and Data Latches 
• 
Data Polling 
• 
Ready/Busy 


• 
Chip Clear Operation 
• 
Enhanced Data Protection 
- 
Vcc Detector 
- 
Pulse Filter 
- 
Write Inhibit 
• 
Electronic Signature for Device Identification 
• 
5-Volt-Only Operation 
• 
Organized 8Kx8 JEDEC Standard Pinout 
- 
28-pin Dual-In-Line Package 
- 
32-pin Chip Carrier (Leadless or Plastic) 
- 
28-pin Thin Small Outline Package (TSOP) 
8x20mm 
- 
28-pin Very Small Outline Package (VSOP) 
8x13.4mm 
• 
Available for Extended Temperature Ranges: 
- 
Commercial: O·Cto 70·C 


DESCRIPTION 


The Microchip Technology Inc. 28C64A is a CMOS 64K 
non-volatile electrically Erasable PROM. The 28C64A is 
accessed like a static RAM for the read or write cycles 
without the need of external components. 
During a "byte 
write", the address and data are latched internally, freeing 
the microprocessor address and data bus for other opera- 
tions. Following the initiation of write cycle, the device will 
go to a busy state and automatically 
clear and write the 
latched data using an internal control timer. To determine 
when the write cycle is complete, the user has a choice of 
monitoring the Ready/Busy output or using Data polling. 
The Ready/Busy pin is an open drain output, which allows 
~ 
configuration 
in wired-or 
systems. 
Alternatively, 
Data polling allows the user to read the location 
last 
written to when the write operation is complete. 
CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and reliabil- 
ity are required. A complete family of packages is offered 
to provide the utmost flexibility in applications. 
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ELECTRICAL 
CHARACTERISTICS 


MAXIMUM 
RATINGS· 


VCCand input voltages w.r.t. Vss 
-Q.6V to + 6.25V 
Voltage on OE w.r.t. Vss 
-Q.6V to +13.5V 
Voltage on A9 w.r.t. vss 
-0.6V to +13.5V 
Output Voltage w.r.t. Vss 
-Q.6V to Vcc+0.6V 
Storage temperature 
-65·C to 125·C 
Ambient temp. with power applied 
-50·C to 95·C 


'Notice: 
Stresses above those listed under "Maximum Ratings' 


may cause permanent 
damage to the device. 
This is a stress 
rating only and functional operation of the device althose or any 
other conditions above those indicated in the operation listings 
of this specification 
is not implied. Exposure to maximum rating 
conditions for extended 
periods may affect device reliability. 


PIN FUNCTION 
TABLE 


Name 
Function 


AO - A12 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
WE 
Write Enable 
1/00 -1/07 
Data Inputs/Outputs 
RDY/Busy 
Ready/Busy 
Vcc 
+5V Power Supply 
Vss 
Ground 
NC 
No Connect; No Internal Connection 
NU 
Not Used; No Extemal Connection is 
Allowed 


READ I WRITE 
OPERATION 
Vcc=+5V±10% 


DC Characteristics 
Commercial (C): Tamb= 
0·Ct070·C 


Industrial 
(I): Tamb= -40·C to as·C 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
Logic'1' 
VIH 
2.0 
Vcc+1 
V 
Logic '0' 
Vil 
-Q.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
J.IA 
VIN= -Q.W to Vcc+1 


Input Capacitance 
- 
CIN 
- 
10 
pF 
VIN = OV;Tamb = 2S·C; 
f = 1 MHz (Note 2) 


Output Voltages 
Logic'1' 
VOH 
2.4 
V 
IOH= -400 J.IA 
Logic '0' 
Vrx 
0.45 
V 
10l=2.1 
mA 


Output Leakage 
- 
ILO 
-10 
10 
J.IA 
Vour = -Q.1V to Vcc+O.W 


Output Capacitance 
- 
CouT 
- 
12 
pF 
VIN = OV;Tamb = 2S·C; 
f = 1 MHz (Note 2) 


Power Suppy Current, Active 
TTL input 
Icc 
- 
30 
mA 
f = 5 MHz (Note 1) 
Vcc= 
5.SV; 


Power Supply Current, Standby 
TTL input 
IcC(s)ITL 
- 
2 
mA 
CE = V IH (O"Cto 70·C) 
TTL input 
IcC(s)ITL 
3 
mA 
CE = VIH (-40·C to as·C) 


CMOS input 
ICC(S)CMOS 
100 
J.IA 
CE = Vcc-Q.3 to Vcc+1 


Note: (1) AC power supply current above S MHz: 2 mAlMHz. 


(2) Not 100% tested. 


READ 
OPERA nON 
AC Testing Waveform: 
VIH= 2.4V; VIL = 0.45V; VOH= 2.0V; VOl = 0.8V 


AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 
20ns 
Ambient Temperature: 
Commercial (C): Tamb = 
O'Cto 70'C 
Industrial 
(I): Tamb = -4O'C to 85'C 


Parameter 
Sym 
28C64A-15 
28C64A-20 
28C64A-25 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


Address to Output Delay 
tACe 
- 
150 - 
200 
- 
250 
ns 
OE=CE=VIL 
- 
OE=VIL 
CE to Output Delay 
tCE 
- 
150 
- 
200 
- 
250 
ns 
- 
CE=VL 
OE to Output Delay 
tOE 
- 
70 
- 
80 
- 
100 
ns 
- 
- 
CE or OE High to Output Float 
tOFF 
0 
50 
0 
55 
0 
70 
ns 
Note 1 


Output Hold from Address, CE 
tOH 
0 
- 
0 
- 
0 
- 
ns 
Note 1 
or OE, whichever occurs first. 


READ 
WAVEFORMS 


VIH 
Address 


Vil 


VIH 
CE 
VIL 


VIH 
OE 
Vil 


VOH 
HighZ 
Data 
VOl 


VIH 
WE 
Vil 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE - tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested 


•• 


BYTE WRITE 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; V OH= 2.0V; VOL = 0.8V 


AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input RiselFall Times: 
20ns 
Ambient Temperature: 
Commercial (C): Tamb = 
O·Cto 70·C 
Industrial 
(I): Tamb = -40·C to SS·C 


Parameter 
Symbol 
Min 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
10 
- 
ns 


Address Hold Time 
tAH 
50 
- 
ns 


Data Set-Up Time 
trs 
50 
- 
ns 


Data Hold Time 
tDH 
10 
- 
ns 


Write Pulse Width 
tWPL 
100 
- 
ns 
Note 1 


Write Pulse High Time 
tWPH 
50 
- 
ns 


OE Hold Time 
tOEH 
10 
- 
ns 


OE Set-Up Time 
tOES 
10 
- 
ns 


Data Valid Time 
trN 
- 
1000 
ns 
Note 2 


Time to Device Busy 
tee 
2 
50 
ns 


Write Cycle Time (28C64A) 
tw:; 
- 
1 
rns 
0.5 ms typical 


Write Cycle Time (28C64AF) 
tw:; 
- 
200 
IJS 
100 j!s typical 


Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 


(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
toH after the positive edge of WE or CE, whichever occurs first. 


PROGRAMMING WAVEFORMS 


VIH t. 
t~=3< 


Address 
VIL 


VIH 
CE,WE 
tWPL 
VIL 


VIH 
Data In 
VIL 


tOES 
VIH 
OE 
VIL 
tOEH 


VOH 


LtDB 
Bu~eady 
Rdy/Busy 
VOL 
twe 


VIH =:x 
Address 
VIL 
AddressValid X~__ ~ff 
~ 
-~t 
.•. 
cc 
>C 


CE VIH~ 


VIL --~~~----------- 


VIH 
Data 
VIL 


VIH 
CE 
VIL 


VIH 
WE 


VIL 
lW = 10ms 
ts =tH = 1IJS 
VH = 12.0V ±O.5V 


SUPPLEMENTARY 
CONTROL 


Mode 
CE 
OE 
WE 
A9 
Vcc 
VOl 


Chip Clear 
VIL 
VH 
VIL 
X 
Vcc 


Extra Row Read 
VIL 
VIL 
VIH 
A9=VH 
vcc 
Data Out 
Extra Row Write 
. 
VIH 
. 
A9=VH 
Vcc 
Data In 
Note: VH = 12.0V ±O.5V 
• Pulsed per programming waveforms. 
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28C64A 


The Microchip Technology Inc. 28C64A has four basic 
modes of operation-read, 
standby, write inhibit, and 
byte write-as 
outlined in the following table. 


Operation Mode CE 
OE 
WE 
1/0 
RdylBusy(1) 


Read 
L 
L 
H 
Dour 
H 
Standby 
H 
X 
X 
HighZ 
H 
Write Inhibit 
H 
X 
X 
HighZ 
H 
Write Inhibit 
X 
L 
X 
HighZ 
H 
Write Inhibit 
X 
X 
H 
HighZ 
H 
Byte Write 
L 
H 
L 
DIN 
L 
Byte Clear 
Automatic Before Each 'Write' 
Note: (1) Open drain output. 


(2) X = Any TTL level. 


The 28C64A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. 
Chip enable (CE) is the power control and 
should be used fordevice selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. 
Assuming that 
addresses 
are stable, address access time (IACC)is 
equal to the delay from CE to output (tCE). Data is 
available at the output tOEafter the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least IACC-tOE. 


Standby Mode 


The 28C64A is placed in the standby mode by applying 
a high signal to the CE input. When inthe standby mode, 
the ou~ts 
are in a high impedance state, independent 
of the OE input. 


In orderto ensure data integrity, especially during critical 
power-up 
and power-down 
transitions, the following 
enhanced data protection circuits are incorporated: 


First, an intemal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10 ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


The 28C64A has a write cycle similar to that of a Static 
RAM. 
The write cycle is completeluelf-timed 
and 
initiated by a IcrtUl0ing pulse on the WE pin. 
On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The ReadylBusy pin goes to a logic low 
level indicating that the 28C64A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When ReadylBusy goes back to 
a high, the 28C64A has completed writing and is ready 
to accept another cycle. 


D8t8Polling 


The 28C64A features Data polling to signal the comple- 
tion of a byte write cycle. 
During a write CYCle,an 
attempted read of the last byte written results in the data 
complement of 1/07 (1/00 to V06 are indeterminable). 
After completion ofthe write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
extemal hardware. 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. 
By raising A9 
to 12V ±O.5V and using address locations 1FEO to 
1FFF, the additional bytes can be written to or read from 
in the same manner as the regular memory array. 


All data may be cleared to 1's in a chiQ..£learc.Y£leby 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 


•• 


To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


28C64AF T - 15 II P 


Package: 
J 
Gerdip 
L 
Plastic Leaded Chip Carrier (PLCC) 
P 
Plastic DIP 
SO 
Plastic Small Outline IC 
TS 
Thin Small Outline 
Package (TSOP) 
8x20mm 
VS 
Very Small Outline 
Package 
(VSOP) 8x13.4mm 


Temperature 
Blank 
O'C t070'C 
Range: 
I 
-4Q'C 
to 85'C 


Access 
Time: 
15 
150 ns 
20 
200 ns 
25 
250 ns 


Shipping: 
Blank 
Tube 
T 
Tape and Reel 'L' and 'SO' 


Option: 
Blank 
=tv.I::=lrns 
F 
=tv.I:: = 200 IlS 
X 
Pin 1 NC (Pin 2 PLCC). twc = 1 ms 


Device: 
28C64A 
8K x 8 CMOS EEPROM 


SECTION 7 


EPROM PRODUCT SPECIFICATIONS 


EPROM 
27C64 
27LV64 
27C128 
27C256 
27HC256 
27LV256 
27HC1616 
27C512 
27C512A 
27LV512 
37LV36I65/128 
EPROM 
EPROM 


EPROM Selection Guide 
7- 
1 


64K (8K x 8) CMOS EPROM 
7- 
3 


64K (8K x 8) Low Voltage CMOS EPROM 
7- 
11 


128K (16K x 8) CMOS EPROM .....•.......................................................... 
7- 
19 


256K (32K x 8) CMOS EPROM 
7- 
27 


256K (32K x 8) High Speed CMOS EPROM ............•..........•.................... 7- 
35 


256K (32K x 8) Low Voltage CMOS EPROM 
7- 
43 


256K (16K x 16) High Speed CMOS EPROM 
7- 
51 


512K (64K x 8) CMOS EPROM 
7- 
59 


512K (64K X 8) CMOS EPROM 
7- 
67 
7 


512K (64K x 8) Low Voltage CMOS EPROM 
7- 
75 


36K164K1128KSerial EPROM Family Product Brief 
7- 
83 


EPROM Cross Reference Guide ...................•......................................•... 
7- 
85 


EPROM Programming Guide ..........................................................•......... 
7- 101 


EPROMs 


PART 
aTP 
ACCESS 
SUPPLY 
TEMP 
STANDBY 
NUMBER 
AVAIL 
SIZE 
ORG 
TIME (ns) 
VOLTAGE 
PACKAGE 
RANGE 
CURRENT 


27C64 
YES 
64K 
8Kx8 
120-2SO 
+5V 
J,K,L,P,SO,TS 
C,I 
2mAlllJ011A 


27Cl28 
YES 
128K 
16Kx8 
120-2SO 
+5V 
J,K,L.P,SO 
C,I 
2mAl1lJ011A 


27C256 
YES 
256K 
32K x 8 
90·200 
+5V 
J,K,L,P,SO,TS,VS 
C,I,E 
2mAl1lJ011A 


27C512 
YES 
512K 
64Kx8 
90·200 
+5V 
J,K,L,P,SO,TS,VS 
C,I,E 
2mAl1lJ011A 


27C512A 
YES 
512K 
64K x 8 
70·1 SO 
+5V 
J,K,L,P,SO,TS,VS 
C,I,E 
2mAl3OpA 


27LV64 
YES 
64K 
8Kx8 
200-300 
+3Vto 
+5V 
J,K,L,P,SO,TS 
C,I 
1mAillJ011A 


27LV256 
YES 
256K 
32K x8 
200-300 
+3Vto 
+5V 
J,K,L,P,SO,TS,VS 
C,I 
1mAl1lJ011A 


27LV512 
YES 
512K 
64Kx8 
200-300 
+3Vto 
+5V 
J,K,L,P,SO,TS,VS 
C,I 
1mAl1lJ011A 


27HC256 
NO 
256K 
32K x8 
55-90 
+5V 
J,K,L,P,SO,TS,VS 
C,I,E 
35mA 


27HC256L 
NO 
256K 
32K x 8 
90 
+5V 
J,K,L,P,SO,TS,VS 
C,t 
2mAl1lJ011A 


27HC1616 
NO 
256K 
16Kx 
16 
55-70 
+5V 
4OJ,44K 
C,I 
SOmA 


P 
= Plastic DIP 


SN = .1SO' 81dSOIC 
S 
= Dice in Wafflepack 


PACKAGES 


L 
= 
PLCC 
SL 
= .1SO'141d SOIC 


W 
= Dice in Wafer Fonn 
VS 
= 281d VSOP (8x13.4mm) 


K 
= ceramic 
LCC 


SO 
= .300' 281d SOIC 
TS 
= 281d TSOP (8x20mm) 


J 
= ceramic 
DIP 


SM 
= .207' 81dSOIC 


, Endurance is guaranteed 
to 10K cycles at extended (-4O"C to +125°C) temperature. 


NOTE: 
NOT ALL COMBINATIONS 
OF SPEEDfTEMPERATURE 
RANGEIPACKAGElETC. 
ARE AVAILABLE. 


CONSULT 
FACTORY 
FOR SPECIFIC 
PART INFORMATION. 
•• 


EPROM Selection 
Guide 


27C64 


• 
High speed performance 
-120 
ns access time available 


• CMOS Technology for low power consumption 


-20 
mA Active current 


-100 
1IAStandby current 


• Factory programming available 
• Auto-insertion-eompatible 
plastic packages 


• Auto 10 aids automated programming 
• Separate chip enable and output enable controls 
• High speed ·express· programming algorithm 
• Organized 8K x 8: JEOEC standard pinouts 


-28-pin 
Oual-in-line package 


-32-pin 
Chip carrier (Ieadless or plastic) 


-28-pin 
SOIC package 


-28-pin 
TSOP package 
-Tape 
and reel 


• Available for the following temperature ranges: 


-Commercial: 
O·C to 70·C 
-Industrial: 
-40·C to as·C 


-Automotive: 
-40·C to 12S·C 


Vpp 
1 


A12 
2 


A7 
3 


A6 
4 


AS 
5 


A4 
6 


A3 
7 
1>2. 8 


A1 
9 


AD 
10 
00 
11 


01 
12 


02 
13 


Vss 
14 


A6 ~~~l~Jt~Jl:'J~jt!:'lJt~Jt~J[~ 
A8 


AS 
I_J 
:_a:.' 
A9 


A4 !~j 
:j! All 
A3~:J 
f~ NC 


A2 j:J 
f~ ~ 


A1 j§j 
f~ 
Al0 


AD in 
L2j CE 


NC .ijJ 
Lij 07 
00 ijJ 
f.ii 06 


fil:i!1:;1f::lr;lr;lfal 


The Microchip Technology Inc. 27C64 is a CMOS 64K 
bit (electrically) Programmable Read Only Memory. The 
device is organized as 8K words by 8 bits (8K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plished in less than 120 ns. CMOS design and process- 
ing enables this part to be used in systems where 
reduced power consumption 
and high reliability 
are 
requirements. 


A complete 
family of packages 
is offered to provide 
the most flexibility in applications. 
For surface mount 
applications, 
PLCC, SOIC, 
or TSOP 
packaging 
is 


available. 
Tape and reel packaging 
is also available 
for PLCC or SOIC packages. 
UV erasable versions 
are also available. 


1. 
2 
3 


: 
"I 


6 
7. 
_ 


1~----: 


11 
: 


12 
13 
14' 


.28 
27 
26 


1 


/ 
~~ 


------ ~~ 


------ 
21 
Vss 
20 
02 


'- 
:: ~ 


17 
AD 


16 
A1 


'15 
A2 
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PIN FUNCTION 
TABLE 


Name 
Function 


AO -A12 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
PGM 
Program Enable 
Vpp 
Programming Voltage 
00-07 
Data Output 
Vcc 
+SV Power Supply 
Vss 
Ground 
t<C 
No Connection; No Internal 
Connections 


"'-J 
Not Used; No Extemal 
Connection Is Allowed 


Maximum 
Ratings* 


Vcc and input voltages w.r.t. Vss 
-0.6V to +7.2SV 
Vpp voltage w.r.t. Vss during 
programming 
-0.6V to +14V 
Voltage on A9 w.r.t. Vss 
-0.6V to +13.SV 
Output voltage w.r.t. Vss 
-0.6V to Vcc +1.0V 
Storage temperature 
-6S·C to 1S0·C 
Ambient temp. with power applied 
-6S·C to 12S·C 


"Notice: Stresses above those listed under "Maximum Ratings' 
may cause permanent damage to the device. 
This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
cond~ions for extended periods may allect device reliability. 


Vcc=+SV±10% 
READ 
OPERATION 
Commercial: 
Tamb= 
0·Ct070·C 
DC Characteristics 
Industrial: 
Tamb= -40·C to as·C 
Extended (Automotive): 
Tamb= -40·C to 12S·C 


Parameter 
Part* 
Status 
Symbol 
Min 
Max 
Units 
Conditions 


Input Voltages 
all 
Logic "1' 
VIH 
2.0 
Vcc+1 
V 
Loaic '0' 
Va.. 
-o.S 
0.6 
V 
Input Leakage 
all 
- 
lu 
-10 
10 
!LA 
VIN= Oto Vcc 


Output Voltages 
all 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 !LA 
Logic '0' 
VOL 
O.4S 
V 
IOL=2.1 mA 
Output Leakage 
all 
- 
ILO 
-10 
10 
!LA 
VOUT- OVto Vcc 


Input Capacitance 
all 
- 
CIN 
- 
6 
pF 
VIN = OV; Tamb = 2S·C; 
f= 1 MHz 
Output Capacitance 
all 
- 
Cour 
- 
12 
pF 
VOLrr= OV; Tamb= 2S·C; 
f= 1 MHz 
Power Supply Current, 
C 
TTL input 
ICCl 
- 
20 
mA 
Vcc = S.SV; Vpp = Vcc; 


Active 
I,E 
TTL input 
ICC2 
- 
2S 
mA 
f= 1 MHz; 
OE = CE = VIL; 
10ut=0 mA; 
VIL = -0.1 to 0.6V; 
VIH= 2.0 to V cc; 
Note 1 
Power Supply Current, 
C 
TTL input 
Icc(s) 
- 
2 
mA 
Standby 
I,E 
TTL input 
- 
- 
3 
mA 
all 
CMOS input 
- 
- 
100 
uA 
CE = Vcc ±O.2V 
IPPRead Current 
an 
Read Mode 
Ipp 
100 
!LA 
Vpp= S.SV 
VPP Read Voltage 
all 
Read Mode 
VPP 
Vcc-o.7 
Vcc 
V 
Note 2 


" Parts: 
C = Commercial Temperature Range; I, E = Industrial and Extended Temperature Ranges 
Notes: 
(1) Active current increases 6 mA per MHz up to operating frequency for all temperature ranges. 
(2) Vcc must be applied before VPP, and be removed simultaneously or after Vpp. 


READ 
OPERATION 
AC Testing Wavefonn: 
VIH= 2.4V and VIL = 0.45V; VOH= 2.0V VOL =0.8V 
Output Load: 
1 TTL Load + 100 pF 
AC Characteristics 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: 
Commercial: 
Tamb= 
O·Cto 70·C 
Industrial: 
Tamb= 
-40·C to as·C 
Extended (Automotive): 
Tamb= 
-40'C to 125'C 


Parameter 
Sym 
27C64-12 
27C64-15 
27C64-17 
27C64-20 
27C64-25 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Address to Output Delay 
120 
150 
170 
200 
250 
- 
- 
tACe - 
- 
- 
- 
- 
ns 
CE = DE = VIL 
- 
120 
- 
CE to Output Delay 
tce 
- 
- 
150 
- 
170 - 
200 - 
250 
ns 
DE = VIL 


DE to Output Delay 
65 
70 
70 
75 
100 
- 
tOE - 
- 
- 
- 
- 
ns 
CE=VL 


CE or DE to DIP High 
tOFF 
0 
50 
0 
50 
0 
50 
0 
55 
0 
60 
ns 


Impedance 


Output Hold fro!!!- 
tOH 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Address CE or DE, 
whichever occurs first 


READ 
WAVEFORMS 


VIH 
•• 
Address 
Address Valid 
VIL 


VIH 
CE 
VIL 


VIH 


DE 
VIL 


Outputs 
VOH 
HighZ 
00-07 
Valid Output 
VOL 


tACC 


Notes: (1) tOFFis specified for DE or CE, whichever occurs first 
(2) DE may be delayed up to tCE- tOEafter the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 


PROGRAMMING 
Ambient Temperature: Tamb = 25'C ±5'C 


DC Characteristics 
vcc = 6.5V ± 0.25V, Vpp = VH = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Min 
Max 
Units 
Conditions 


Input Voltages 
Logic "1" 
VIH 
2.0 
Vcc+l 
V 
Logic "0" 
Vil 
-{).1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
j.lA 
VIN= OVto Vcc 


Output Voltages 
Logic "1" 
VOH 
2.4 
- 
V 
IOH= -400 j.lA 
Logic "0" 
VC1o- 
- 
0.45 
V 
10l=2.1 
mA 


Vcc Current, program & verily 
- 
Icc2 
- 
20 
mA 
Note 1 


Vpp Current,program 
- 
IpP2 
- 
25 
mA 
Note 1 


A9 Product Identification 
- 
VH 
11.5 
12.5 
V 


PROGRAMMING 
AC Testing Waveform: 
VIH= 2.4V and Vil = 0.45V; VOH= 2.0V; VOl = 0.8V 
AC Characteristics 
Ambient Temperature: 
Tamb = 25'C ±5"C 
for Program, Program Verify 
Vcc = 6.5V ± 0.25V, Vpp = VH = 13.0V ± 0.25V 
and Program Inhibit Modes 


Parameter 
Symbol 
Min 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
~ 


Data Set-Up Time 
tDS 
2 
- 
~ 


Data Hold Time 
tOH 
2 
- 
~ 


Address Hold Time 
tAH 
0 
- 
~ 


Float Delay (2) 
tOF 
0 
130 
ns 


Vcc Set-Up Time 
tves 
2 
- 
~ 


Program Pulse Width (1) 
tPW 
95 
105 
~ 
100 ~ 
typical 


CE Set-Up Time 
tcES 
2 
- 
~ 


OE Set-Up Time 
tOES 
2 
- 
~ 


Vpp Set-Up Time 
tvps 
2 
- 
~ 
- 
Data Valid from OE 
tOE 
- 
100 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 /.Is±5%. 
(2) This parameter is only sampled and not 100% tested. 
Output float is defined as the point where data 
is no longer driven (see timing diagram). 


PROGRAMMING 
Waveforms 
(1) 


VPp 
5.0V 


Vcc 
5.0V 


VIH 
CE 
VII. 


VIH 
PGM 
VIL 


VIH 
toe 
• 


DE 
(2) 


VIL 


Notes: 
(1) The input timing reference is 0.8 V for VIL and 2.0 V for VIH. 
(2) tDFand tOEare characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5 V ±Q.25 V, VPp = VH = 13.0 V ±Q.25 V for Express algorithm. 


Operation Mode 
CE 
OE 
PGM 
VPp 
A9 
00-07 


Read 
VL 
VL 
VIH 
Vcc 
X 
Dour 
Program 
VL 
VIH 
VL 
VH 
X 
DIN 
Program Verily 
VL 
VII. 
VIH 
VH 
X 
Dour 
Program Inhibit 
VIH 
X 
X 
VH 
X 
HighZ 
Standby 
VIH 
X 
X 
Vcc 
X 
HighZ 
Output Disable 
VL 
VIH 
VIH 
Vcc 
X 
HighZ 
Identity 
VL 
VII.. 
VIH 
Vcc 
VH 
Identity Code 
b) the DE pin is low to gate the data to the output 
pins. 


For Read operations, if the addresses are stable, the 
address access time (lAcc) is equal to the delay from CE 
to output (tCE). Data is transferred to the output after a 
delay from the falling edge of DE (tOE). 


27C64 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 I!A. 


This feature eliminates bus contention in microproces- 
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1's state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm2 
is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,OO0I!W/cm2 for approximately 20 minutes. 


The Express Algorithm has been developed to improve 
the programming throughput times in a production envi- 
ronment. Up to ten 1OO-microsecond pulses are applied 
until the byte is verified. 
No overprogramming 
is re- 
quired. A flowchart of the express algorithm is shown in 
Figure 1. 


Programming takes place when: 
a) Vcc is brought to the proper voltage, 
b) VPpis brought to the proper VH level, 
c) the CE pin is low, 
d) the OE pin is high, and 
e) the PGM pin is low. 


Since the erased state is "1" in the array, programming 
of "0" is required. The address to be programmed is set 
via pins AO-A12 and the data to be programmed 
is 
presented to pins 00-07. 
When data and address are 
stable, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) VPp~ at the proper VH level, 
c) the CE line is low, 
d) the PGM line is high, and 
e) the OE line is low. 


When programminLmultiple 
devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. 
By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (Le., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL 
AO is used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 


Pln-- 
Input 
Output 


Identity 
AO 
0 
00 
0 
0 
0 
0 
0 
H 
! 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type" 
VIH 
0 
0 
0 
0 
0 
0 
1 
0 
02 


Conditions: 
Tamb = 2S·C ±S·C 
vcc = 6.5 ±O.2SV 
Vpp = 13.0 ±O.2SV 


ADDR = First Location 
Vcc=6.SV 
Vpp= 13.0V 


• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27C64 
- 25 
1/ K1~-' 


Temperature 
Range: 


Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x13.4mm 


O'C t070'C 


-4Q'C to 8S'C 
-4Q'C to 12S'C 


120 ns 
150ns 
170 ns 
200 ns 
250 ns 


27LV64 


64K (8K x 8) Low Voltage CMOS EPROM 


• Wide voltage range 3.0V to 5.5V 
• High speed performance 
-200 
ns access time available at 3.0V 
• CMOS Technology for low power consumption 


--8 
mA active current at 3.0V 
-20 
mA active current at 5.5V 
-100 
j!A standby current 


• 
Factory programming available 
• Auto-insertion-<:ompatible plastic packages 
• Auto 10 aids automated programming 
• Separate chip enable and output enable controls 
• 
High speed 'express' 
programming algorithm 
• Organized 8K x 8: JEOEC standard pinouts 
-28-pin 
Oual-in-line package 


-32-pin 
Chip carrier (Ieadless or plastic) 
-28-pin 
SOIC package 
-28-pin 
TSOP package 
-Tape 
and reel 
• Available for the following temperature ranges: 


--Commercial: 
O'C to 70'C 
-Industrial: 
-40'C to as'C 


The Microchip Technology Inc. 27LV64 is a low-voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. 
The device is organized as 8K x 8 (8K- 
Byte) non-volatile memory product. 
The 27LV64 con- 


sumes only 8mA maximum of active current during a 3.0 
volt read operation therefore improving battery perfor- 
mance. 
This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMs 
can not be used. 
Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 3.0V. 
This device allows system designers the ability to use 
low voltage non-volatile memory with todays low voltage 
microprocessors 
and peripherals 
in battery powered 
applications. 


A complete family of packages is offered to provide the 
most flexibility in applications. 
For surface mount appli- 
cations, PLCC or SOIC packaging is available. 
Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 
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PIN FUNCTION 
TABLE 


Name 
Function 


AO -A12 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
PGM 
Program Enable 
Vpp 
Programming Voltage 
00-07 
Data Output 
Vee 
+SV Or+3V Power Supply 
vss 
Ground 
IIC 
No Connection; No Intemal 
Connections 
M.J 
Not Used; No Extemal 
Connection Is Allowed 


Maximum 
Ratings· 


Vee and input voltages w.r.t. Vss 
-o.6V to +7.2SV 


Vpp voltage w.r.t. Vss during 
programming 
-o.6V to +14V 


Voltage on A9 w.r.t. Vss 
-o.6V to +13.SV 


Output voltage w.r.t. Vss 
-o.6V to Vee +1.0V 


Storage temperature 
-6S'C to 1S0'C 
Ambient temp. with power applied 
-6S'C to 12S'C 


"Notice: 
Stresses 
above those listed under "Maximum 
Ratings" 


may cause 
permanent 
damage 
to the device. 
This is a stress 


rating only and functional 
operation 
of the device atthose 
or any 


other conditions 
above those indicated 
in the operation 
listings 
of this specification 
is not implied. 
Exposure 
to maximum 
rating 


conditions 
for extended 
periods 
may affect device 
reliability. 


READ 
OPERATION 
Vee = 3.0V to S.SV unless otherwise specified 


DC Characteristics 
Commercial: 
Tamb= 
0'Ct070'C 
Industrial: 
Tamb= -40'C to 85'C 


Parameter 
Part" 
Status 
Symbol 
Min 
Max 
Units 
Conditions 


Input Voltages 
aD 
Logic "1" 
VIH 
2.0 
Vcc+1 
V 
Loaic '0" 
VIL 
-o.S 
0.8 
V 
Input Leakage 
aD 
- 
lu 
-10 
10 
IlA 
VIN=OtoVcc 


Output Voltages 
all 
Logic "1" 
VOH 
2.4 
V 
IOH= -400 IlA 
Logic '0" 
Vex. 
0.4S 
V 
IOL=2.1 mA 
Output Leakage 
aD 
ILO 
-10 
10 
IlA 
Vour - OVto Vee 


Input Capacitance 
aI 
- 
CIN 
- 
6 
pF 
VIN = OV;Tamb = 2S'C; 
f= 1 MHz 
Output Capacitance 
aD 
- 
COOr 
- 
12 
pF 
Vour = OV;Tamb= 2S'C; 
f-1 
MHz 
Power Supply Current, 
C 
TTL input 
leel 
- 
20@S.OV 
mA 
Vee = S.SV; Vpp = Vcc; 


Active 
8@3.0V 
mA 
f= 1 MHz; 
I 
TTL input 
lee2 
- 
2S @S.OV 
mA 
OE= CE=VIL; 


10@3.0V 
mA 
lout = OmA; 
VIL = -0.1 to 0.8V; 
VIH= 2.0 to V cc; 
Note 1 
Power Supply Current, 
C 
TTL input 
lCC(s) 
- 
1 @ 3.0V 
mA 
Standby 
I 
TTL input 
2 @ 3.0V 
mA 
aI 
CMOS input 
100 @ 3.0V 
IlA 
CE = V cc ±O.2V 


" Parts: 
C = Commercial Temperature Range; I = Industrial Temperature Range 
Notes: 
(1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 


READ 
OPERATION 
AC Characteristics 


AC Testing Wavefonn: 
Output Load: 
Input Rise and Fall Times: 
Ambient Temperature: 


VIH= 2.4V and VIL = 0.45V; V OH= 2.0V VOL =0.8V 
1 TTL Load + 100 pF 
10 ns 
Commercial: 
Tamb = 
O'C to 70·C 
Industrial: 
Tamb = -40·C to 85'C 


CE or OE to OIP High 
Impedance 


Output Hold from 
Address CE or OE, 
whichever goes first 


READ 
WAVEFORMS 
• 
VIH 
Address 
Address Valid 
Vil 


VIH 
CE 
Vil 


VIH 


OE 
VIL 


Outputs 
VOH 
High Z 
00-07 
Valid Output 
Va.. 


tACe 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 


PROGRAMMING 
Ambient Temperature: Tamb = 25"C ±5"C 


DC Characteristics 
Vcc = 6.5V ± 0.25V, Vpp = VH = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Min 
Max 
Units 
Conditions 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Logic '0' 
VIL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
lJA 
VIN= OVto Vcc 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 lJA 
Logic '0' 
VeA. 
0.45 
V 
IOL=2.1 mA 


Vcc Current, program 
& verify 
- 
ICC2 
- 
20 
mA 
Note 1 


Vpp Current,program 
- 
IpP2 
- 
25 
mA 
Note 1 


A9 Product Identification 
- 
VH 
11.5 
12.5 
V 


PROGRAMMING 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; VOH= 2.0V; VOL = 0.8V 


AC Characteristics 
Ambient Temperature: 
Tamb = 25"C ±5"C 
for Program, Program Verify 
Vcc = 6.5V ± 0.25V, Vpp = VH = 13.0V ± 0.25V 
and Program Inhibit Modes 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
IJS 


Data Set-Up Time 
too 
2 
- 
IJS 


Data Hold Time 
tOH 
2 
- 
IJS 


Address Hold Time 
tAH 
0 
- 
IJS 


Float Delay (2) 
tDF 
0 
130 
ns 


Vcc Set-Up Time 
tvcs 
2 
- 
IJS 


Program Pulse Width (1) 
tPW 
95 
105 
IJS 
100 IJStypical 


CE Set-Up Time 
tCES 
2 
- 
IJS 


OE Set-Up Time 
tOES 
2 
- 
IJS 


Vpp Set-Up Time 
tvps 
2 
- 
IJS 
- 
Data Valid from OE 
tOE 
100 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 lls ±5%. 
(2) This parameter is only sampled and not 100% tested. 
Output float is defined as the point where data 


is no longer driven (see timing diagram). 


PROGRAMMING 
Waveforms 
(1) 


VPp 
5.0V 


Vcc 


5.0V 


VIH 
CE 
VL 


VIH 
PGM 
VL 


VIH 
tOE 
• 


OE 
(2) 


Vil 


Notes: 
(1) The input timing reference is O.8V for VIL and 2.0V for VIH. 
(2) tOFand tOEare characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V ±O.25V, V pp = VH = 13.0V ±O.25V for Express algorithm. 


Operation Mode CE 
OE 
PGM 
Vpp 
A9 
00-07 


Read 
VL 
VL 
VIH 
Vcc 
X 
DoJr 


Program 
VL 
VIH 
VL 
VH 
X 
DIN 


Program Verify 
VL 
VL 
VIH 
VH 
X 
DoJr 


Program Inhibit 
VIH 
X 
X 
VH 
X 
HighZ 


Standby 
VIH 
X 
X 
Vcc 
X 
HighZ 


Output Disable 
VL 
VIH 
VIH 
Vcc 
X 
HighZ 


Identity 
VL 
VL 
VIH 
Vcc 
VH 
Identity Code 
b) the OE pin is low to gate the data to the output 


pins. 


For Read operations, if the addresses are stable, the 
address access time (lACC)is equal to the delay from CE 
to output (tCE). Data is transferred to the output after a 
delay from the falling edge of OE (tOE). 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 IJA. 


This feature eliminates bus contention in microproces- 
sor-based systems in which multiple devices may drive 
the bus. 
The outputs go into a high impedance state 
when the following condition is true: 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the alil's 
state 
as a result of being exposed to ultraviolet light. 
To 
ensure complete erasure, a dose of 15watt-second/cm2 


is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,OOOllW/cm2for approximately 20 minutes. 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. 
Up to ten l00-microsecond 
pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the express algorithm is shown 
in Figure 1. 


a) Vcc 
is brought to proper voltage, 
b) Vpp is brought to proper VH level, 
c) the CE pin is low, 
d) the OE pin is high, and 
e) the PGM pin is low. 


Since the erased state is "1" in the array, programming 
of "0" is required. The address to be programmed is set 
via pins AO-A12 and the data to be programmed 
is 
presented to pins 00-07. 
When data and address are 
stable, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) Vpp~at 
the proper VH level, 
c) the CE line is low, 
d) the PGM line is high, and 
e) the OE line is low. 


When programming 
multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. 
By pulsing the CE or PGM line 
low on a particular device inconjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 


In this mode specific data is outputted which identifies 
the manufacturer 
as Microchip Technology 
Inc and 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at VIL. AOis used to access any of the two non-erasable 
bytes whose data appears on 00 through 07. 


Pln--- 
Input 
Output 


Identity 
AO 
0 
0 
0 
0 
0 
0 
0 
0 
H 
! 


7 
6 5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
Vil 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type" 
VIH 
0 
0 
0 
0 
0 
0 
1 
0 
02 


Conditions: 
Tarrb = 2S·C ±S·C 


Vcc = 6.S ±O.2SV 
Vpp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc= 
6.SV 
Vpp= 
13.0V 


•• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27LV64 
- 25 II K 


~P"ka'" 


Temperature 
Range: 


Access Time: 
20 
25 
30 


Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package 


O'C to 70'C 


-40'C 
to 85'C 


200 ns 
250 ns 
300 ns 


27C128 


• High speed performance 


-120 
ns access time available 


• CMOS Technology for low power consumption 


-20 
mA Active current 


-100 
IJA Standby current 


• Factory programming available 
• Auto-insertion-eompatible 
plastic packages 


• Auto ID aids automated programming 
• Separate chip enable and output enable controls 
• High speed 'express' 
programming algorithm 


• Organized 16K x 8: JEDEC standard pinouts 


-28-pin 
Dual-in-line package 


-32-pin 
Chip carrier (leadless or plastic) 


-28-pin 
SOIC package 


-28-pin 
TSOP package 


-Tape 
and reel 
• Available for the following temperature ranges: 


-Commercial: 
O'C to 70·C 


-Industrial: 
-40·C to SS·C 


-Automotive: 
-40·C to 12S·C 


The Microchip Technology Inc27C128 isaCMOS 
128K 


bit (electrically) Programmable Read Only Memory. The 
device is organized as 16K words by 8 bits (16K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plished in less than 120 ns. CMOS design and process- 
ing enables this part to be used in systems where 
reduced power consumption 
and high reliability are 


requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. 
For surface mount appli- 


cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. 
UV erasable versions are also avail- 


able. 
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PIN FUNCTION 
TABLE 


Name 
Function 


AO-A13 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
PGM 
Program Enable 
Vpp 
Programming Voltage 
00-07 
Data Output 
Vcc 
+SV Power Supply 
Vss 
Ground 
t-C 
No Connection; No 
Intemal Connections 
tIJ 
Not Used; No Extemal 
Connection Is Allowed 


ELECTRICAL 
CHARACTERISTICS 


Maximum 
Ratings· 


Vcc and input voltages w.r.t. Vss 
-o.6V to +7.2SV 


Vpp voltage w.r.t. Vss during 
programming 
-0.6V to +14V 


Voltage on A9 w.r.t. Vss 
-0.6V to +13.SV 


Output voltage w.r.t. Vss 
-o.6V to Vcc + 1V 


Storage temperature 
-6S'C to 1S0'C 


Ambient temp. with power applied 
-6S'C to 12S'C 


'Notice: 
Stresses above those listed under "Maximum Ratings' 


may cause permanent damage to the device. 
This is a stress 


rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ 
OPERATION 
Vcc= +SV ±10"10 


DC Characteristics 
Commercial: 
Tamb= 
O'Cto 70'C 
Industrial: 
Tamb = 40'C 
to 8S'C 
Extended (Automotive): 
Tamb = 40'C 
to 12S'C 


Parameter 
Part· 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
all 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Loaic '0' 
VIL 
-O.S 
0.8 
V 
Input Leakage 
all 
- 
lu 
-10 
10 
~ 
VIN=Oto Vcc 


Output Voltages 
all 
Logic '1' 
VOH 
2.4 
V 
IOH= 4oo~ 
Logic '0' 
VOl.. 
0.4S 
V 
IOL=2.1 mA 
Output Leakage 
all 
- 
ILO 
-10 
10 
~ 
VOUT- OVto Vcc 


Input Capacitance 
an 
- 
CIN 
- 
6 
pF 
VIN = OV;Tamb = 2S' C; 
f= 1 MHz 
Output Capacitance 
all 
- 
GOUT 
- 
12 
pF 
VOUT= OV;Tamb = 2S' C; 
f-1 
MHz 
Power Supply Current, 
C 
TTL input 
ICCl 
- 
20 
mA 
Vcc = S.SV; Vpp = Vcc; 


Active 
I,E 
TTL input 
Icc2 
- 
2S 
mA 
f= 1 MHz; 
OE =CE =VIL; 
lout = 0 mA; 
VIL= -0.1 to 0.8V; 
VIH= 2.0 to V cc; 
Note 1 
Power Supply Current, 
C 
TTL input 
Icc{s) 
- 
2 
mA 
Standby 
I, E 
TTL input 
- 
3 
mA 
aD 
CMOS inout 
- 
100 
uA 
CE = V cc ±O.2V 
Ipp Read Current 
all 
Read Mode 
Ipp 
- 
100 
~ 
Vpp= S.SV 
Vpp Read VoltaQe 
all 
Read Mode 
Vpp 
Vcc-o.7 
Vcc 
V 
Note 2 


• Parts: 
C = Commercial Temperature Range; I, E = Industrial and Extended Temperature Ranges 
Notes: 
(1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 
(2) Vcc must be applied before VPP, and be removed simultaneously or after VPP. 


READ OPERATION 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; VOH= 2.0V VOL =O.8V 


AC Characteristics 
Output Load: 
1 TIL Load + 100 pF 
Input Rise and Fall TImes: 
10 ns 
Ambient Temperature: 
Commercial: 
Tamb= 
O'Cto 70'C 
Industrial: 
Tamb = -40'C to 85'C 
Extended (Automotive): 
Tamb = -40'C to 125'C 


Parameter 
Sym 27C128-12 
27C128-15 27C128-17 27C128-20 
27C128-25 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Address to Output Delal 
tACe - 
120 - 
150 - 
170 
- 
200 - 
250 
ns 
CE = OE = VIL 
- 
120 
200 
OE=VIL 
CE to Output Delay 
tCE - 
- 
150 - 
170 - 
- 
250 
ns 


OE to Output Delay 
tOE 
- 
65 
- 
70 - 
70 
- 
75 
- 
100 
ns 
CE=VL 


CE or OE to O/P High 
tOFF 
0 
50 
0 
50 
0 
50 
0 
55 
0 
60 
ns 
Impedance 


Output Hold fr0!!L 
tOH 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Address CE or OE, 
whichever occurs first 


VIH 
Address 
Address Valid 
Vil 


VIH 
CE 
VIL 


VIH 
OE 
Vil 


Outputs 
VOH 
HighZ 
00-07 
Valid Output 
VOL 


tAIX 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOEafter the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 


•• 


PROGRAMMING 
Ambient Temperature: Tamb = 25"C ±5"C 


DC Characteristics 
vcc = 6.5V ± 0.25V, Vpp = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Logic '0' 
VIL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
lJA 
VIN = OVto Vcc 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 lJA 
Logic '0' 
VOL 
0.45 
V 
IOL=2.1 mA 


Vcc Current, program & verify 
- 
ICC2 
- 
20 
mA 
Note 1 


Vpp Current, program 
- 
IpP2 
- 
25 
mA 
Note 1 


A9 Product Identification 
- 
VH 
11.5 
12.5 
V 


PROGRAMMING 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; VOH= 2.0V; VOL = 0.8V 
AC Characteristics 
Ambient Temperature: 
Tamb = 25"C ±5"C 
for Program, Program Verify 
Vcc = 6.5V ± 0.25V, V PP= 13.0V ± 0.25V 
and Program Inhibit Modes 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
lIS 


Data Set-Up Time 
tos 
2 
- 
lIS 


Data Hold Time 
tOH 
2 
- 
lIS 


Address Hold Time 
tAH 
0 
- 
lIS 


Float Delay (2) 
tOF 
0 
130 
ns 


Vcc Set-Up Time 
tves 
2 
- 
lIS 


Program Pulse Width (1) 
tPW 
95 
105 
lIS 
100 lIS typical 


CE Set-Up Time 
tCES 
2 
- 
lIS 


OE Set-Up Time 
tOES 
2 
- 
lIS 


VPPSet-Up Time 
tvps 
2 
- 
lIS 
- 
Data Valid from OE 
toe 
- 
100 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 lIS ±5%. 
(2) This parameter is only sampled and not 100% tested. 
Output float is defined as the point where data 
is no longer driven (see timing diagram). 


PROGRAMMING 
Waveforms 
(1) 


VPp 
5.0 V 


Vcc 


5.0V 


VIH 


CE 
VL 


VIH 
PGM 
Vil 


VIH 
tOE 
•• 


OE 
(2) 


Vil 


Notes: 
(1) The input timing reference is 0.8V for Vil and 2.0V for VIH. 
(2) tOFand tOEare characteristics of the device but must be accommodated by the programmer. 
(3) Vcc = 6.5V ±O.25V, VPp = VH = 13.0V ±O.25V for Express algorithm. 


Operation Mode 
CE 
OE 
PGM 
Vpp 
A9 
00-07 


Read 
VL 
VL 
VIH 
Vcc 
X 
Dour 


Program 
VL 
VIH 
VL 
VH 
X 
DIN 


Program Verify 
VL 
YL 
VIH 
VH 
X 
Dour 


Program Inhibit 
VIH 
X 
X 
VH 
X 
HighZ 


Standby 
VIH 
X 
X 
Vcc 
X 
HighZ 


Output Disable 
YL 
VIH 
VIH 
Vcc 
X 
HighZ 


Identity 
VL 
VL 
VIH 
Vcc 
VH 
Identity Code 


Read Mode is accessed when 


a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gate the data to the output pins. 


For Read operations, 
if the addresses are stable, the 


address access time (tACC) is equal to the delay from 
CE to output (tCE). Data istransferred to the output after 
a delay from the falling edge of OE (tOE). 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these conditions are met, the supply current will 
drop from 20 mA to 100 J.1A. 


This feature eliminates bus contention in microproces- 
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 


Windowed 
prodUcts offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1's state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm2 
is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,OOOIlW/cm2 for approximately 20 minutes. 


The Express Algorithm has been developed to improve 
the programming throughput times in a production envi- 
ronment. Up to ten 1oo-microsecond pulses are applied 
until the byte is verified. 
No overprogramming 
is re- 
quired. A flowchart of the express algorithm is shown in 
Figure 1. 


a) Vcc 
is brought to the proper VOltage, 
b) VPpis brought to the proper VH level, 
c) the CE pin is low, 
d) the OE pin is high, and 
e) the PGM pin is low. 


Since the erased state is "1" in the array, programming 
of "0" is required. The address to be programmed is set 
via pins AD-A13 and the data to be programmed 
is 
presented to pins 00-07. 
When data and address are 
stable, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 


After the array has been programmed it must be verified 
to ensure that all the bits have been correctly pro- 
grammed. This mode is entered when all the following 
conditions are met: 


a) Vcc is at the proper level, 
b) VPp~ at the proper VH level, 
c) the CE line is low, 
d) the PGM line is high, and 
e) the OE line is low. 


When programming 
multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. 
By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc, and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AOis used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 


Pln--- 
Input 
Output 


Identity 
AO 
0 
0 
0 
0 
0 
0 
0 
0 
H 
! 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type' 
VIH 
1 
0 
0 
0 
0 
0 
1 
1 
83 


Conditions: 
TlITtl = 2S'C ±5'C 
Vcc = 6.5 ±<:l.2SV 
VPp = 13.0 ±<:l.2SV 
ADDR = First Location 
Vcc=6.SV 
Vpp= 
13.0V 


• 


To order 
or to obtain 
infonnation, 
e.g., 
on pricing 
or delivery, 
please 
use the listed 
part numbers, 
and 
refer to the 


factory 
or the listed 
sales 
offices. 


PART 
NUMBERS 
27C128 - 25 1/ P1--' 


Temperature 
Range: 


Cerdip 
Ceramic 
Leadless 
Chip Carrier 


Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package 
(TSOP) 6x13.4mm 


O'C t070'C 


-40'C 
to 6S'C 


-40'C 
to 12S'C 


120 ns 
lS0 ns 
170 ns 
200 ns 
250 ns 


27C256 


256K (32K x 8) CMOS EPROM 


• High speed performance 
- 
90 ns access time available 
• CMOS Technology for low power consumption 
- 
20 mA Active current 


- 
100 IJA Standby current 
• Factory programming available 
• Auto-insertion-<:ompatible plastic packages 
• Auto 10 aids automated programming 
• Separate chip enable and output enable controls 
High speed "express" programming algorithm 
• Organized 32K x 8: JEOEC standard pinouts 
- 
28-pin Oual-in-line package 


- 
32-pin Chip carrier (Ieadless or plastic) 
- 
28-pin SOIC package 
- 
28-pin Thin Small Outline Package (TSOP) 
- 
28-pin Very Small Outline Package (VSOP) 
- 
Tape and reel 
• Available for extended temperature ranges: 
- 
Commercial: 
O'C to +70'C 
- 
Industrial: 
-40'C to +85'C 
- 
Automotive: 
-40'C to +12S'C 


The Microchip Technology 
Inc. 27C2S6 is a CMOS 
2S6K bit electrically Programmable Read Only Memory 
(EPROM). 
The device is organized as 32K words by 8 
bits (32K bytes). 
Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 90 ns This very 
high speed device allows the most sophisticated micro- 
processors to run at full speed withoutthe need for WAIT 
states. CMOS design and processing enables this part 
to be used in systems where reduced power consump- 
tion and reliability are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. 
For surface mount appli- 
cations, PLCC, SOIC or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. 
UV erasable versions are also avail- 
able. 
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PIN FUNCTION 
TABLE 


Name 
Function 


AO- A14 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
VPP 
Programming Voltage 
00-07 
Data Output 
Vee 
+SV Power Supply 
Vss 
Ground 
I\C 
No Connection; 
No Internal Connection 
I'lJ 
Not Used; No External 
Connection is Allowed 


Vee and input voltages w.r.t. Vss 
-o.6V to +7.2SV 
VPPvoltage w.r.t. Vss during 
programming 
-0.6V to +14.0V 
Voltage on A9 w.r.t. Vss 
-o.6V to +13.SV 
Output voltage w.r.t. Vss 
-o.6V to Vee + 1.0V 
Storage temperature 
-6S'C to 1S0'C 
Ambient temp. with power applied 
-6S'C to 12S'C 


"Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. 
This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification 
is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Vcc=+SV±10% 
READ OPERATION 
Commercial: 
Tamb= 
O'Cto 70'C 
DC Characteristics 
Industrial: 
Tamb = -40'C to 8S'C 
Extended 
(Automotive): 
Tamb = -40'C to 12S'C 


Parameter 
Part" 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
all 
Logic '1' 
VIH 
2.0 
Vee+1 
V 
Logic '0' 
VL 
-o.S 
0.8 
V 
Input Leakage 
aI 
- 
lu 
-10 
10 
!1A 
VIN= Oto Vcc 


Output Voltages 
all 
Logic '1' 
VOH 
2.4 
V 
IOH= -4oo!1A 
Logic '0' 
VOL 
O.4S 
V 
IOL= 2.1 mA 
Output Leakage 
all 
- 
ILO 
-10 
10 
j!A 
VOLIT= OVto Vcc 


Input Capacitance 
all 
- 
CIN 
- 
6 
pF 
VIN = OV;Tamb = 2S' C; 
f= 1 MHz 
Output Capacitance 
all 
- 
Cour 
- 
12 
pF 
VOLIT= OV; Tamb= 2S' C; 
f -1 
MHz 
Power Suppy Current, 
C 
TTL input 
leel 
- 
20 
mA 
Vee = S.SV; VPP= Vcc; 


Active 
I,E 
TTL input 
lee2 
- 
2S 
mA 
f= 1 MHz; 
OE = CE = VIL; 
lout = OmA; 
VIL = -0.1 to 0.8V; 
VIH= 2.0 to V cc; 
Note 1 
Power Supply Current, 
C 
TTL input 
IeelS) 
- 
2 
mA 
Standby 
I,E 
TTL input 
3 
mA 
- 
all 
CMOS inout 
100 
IIA 
CE = Vee ±SJ.2V 
Ipp Read Current 
all 
Read Mode 
Ipp 
- 
100 
!1A 
Vpp= S.SV 
Vpp Read Voltaae 
all 
Read Mode 
Vpp 
Vee-o.7 
Vee 
V 
Note 2 


* Parts: 
C 
= Commercial Temperature Range 
I, E = Industrial and Extended Temperature Range 
Notes: (1) Active current increases S mA per MHz up to operating frequency for all temperature ranges. 


(2) Vee must be applied before VPP, and be removed simultaneously or after VPP. 


READ OPERATION 
AC Testing Wavefonn: 
VIH= 2.4V and VIL = .45V; V OH= 2.0V VOL =0.8V 
AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 
10nsec 
Ambient Temperature: 
Commercial: 
Tamb = 
0'Ct070'C 
Industrial: 
Tamb= 
-40'C to 85'C 
Automotive: 
Tamb= 
-40'C to 125'C 


Parameter 
Sym 27C256-90 
27C256-10· 
27C256-12 
27C256-15 
27C256-20 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Address to Output Delay 
- - 
tACC - 
90 - 
100 - 
120 - 
150 
- 
200 
ns 
CE=OE=VIL 
- 
- 
CE to Output Delay 
tee - 
90 - 
100 - 
120 - 
150 - 
200 
ns 
OE=VIL 


OE to Output Delay 
- 
tOE 
- 
40 
- 
45 
- 
55 
- 
65 
- 
75 
ns 
CE=VL 


CE or OE to OIP High 
tOFF 
0 
30 
0 
30 
0 
35 
0 
50 
0 
55 
ns 


Impedance 


Output Hold fro!!!.- 
tOH 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Address CE or OE, 
whichever goes first 


• -10, -90 AC Testing Wavefonn: VIH = 2.4V and VIL = .45V; VOH= 1.5V and VOL= 1.5V 
Output Load: 1 TTL Load + 30 pF 


READ WAVEFORMS 


VIH 
•• 
Address 
Address Valid 
VIL 


VIH 
CE 
VIL 


VIH 
OE 
VL 


Outputs 
VOH 
HighZ 
00-07 
Valid Output 
VOL 


tACC 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE - tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 


PROGRAMMING 
Ambient Temperature: Tamb = 2S·C ±5·C 


DC Characteristics 
Vcc = 6.SV ± 0.2SV, V pp = 13.0V ± 0.2SV 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Logic '0' 
VIL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
j.IA 
VIN= OVto Vcc 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 j.IA 
Logic '0' 
VOL 
0.45 
V 
IOL=2.1 mA 


Vcc Current, program 
& verify 
- 
ICC2 
- 
20 
mA 
Note 1 


VPPCurrent, program 
- 
IpP2 
- 
25 
mA 
Note 1 


A9 Product Identification 
- 
VH 
11.5 
12.5 
V 


PROGRAMMING 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; V OH= 2.0V; VOL = 0.8V 
AC Characteristics 
Output Load: 
1 TIL Load + 100 pF 
for Program, Program Verify 
Ambient Temperature: 
Tamb = 2S·C ±5·C 
and Program Inhibit Modes 
Vcc= 6.5V ±0.2SV, VPP= 13.0V±0.2SV 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
J.IS 


Data Set-Up Time 
too 
2 
- 
J.IS 


Data Hold Time 
tOH 
2 
- 
J.IS 


Address Hold Time 
tAH 
0 
- 
J.IS 


Float Delay (2) 
tDF 
0 
130 
ns 


Vcc Set-Up Time 
tvcs 
2 
- 
J.IS 


Program Pulse Width (1) 
tPW 
95 
10S 
J.IS 
100 IJ.Stypical 


CE Set-Up Time 
tCES 
2 
- 
J.IS 


OE Set-Up Time 
tOES 
2 
- 
J.IS 


VPPSet-Up TIme 
tvps 
2 
- 
J.IS 
- 
tOE 
Data Valid from OE 
- 
100 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 IJ.S±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 


Vpp 


5.0V 


Vcc 


5.0V 


VIH 
CE 
VA.. 


VIH 
OE 
Vil 


Notes: 
(1) 
(2) 
tOF and tOE are characteristics 
of the device 
but must 
be accommodated 
by the programmer 
Vcc = 6.5 V ±O.25V, 
Vpp = VH = 13.0V 
±O.25V 
for express 
algorithm 


Operation 
Mode 
CE 
OE 
Vpp 
A9 
00-07 


Read 
VIL 
VIL 
Vcc 
X 
Dour 


Program 
VIL 
VIH 
VH 
X 
DIN 
Program 
Verily 
VIH 
VIL 
VH 
X 
Dour 


Program 
Inhibit 
VIH 
VIH 
VH 
X 
HighZ 
Standby 
VIH 
X 
Vcc 
X 
HighZ 
Output 
Disable 
VII. 
VIH 
Vcc 
X 
HighZ 
Identity 
VIL 
VIL 
Vcc 
VH 
Identity 
Code 


b) 
the OE pin is low to gate the data to the output 


pins. 


For Read 
operations, 
if the 
addresses 
are stable, 
the 


address 
access 
time (lAcc) 
is equal to the delay from CE 


to output 
(tCE). 
Data is transferred 
to the output 
after a 


delay 
from 
the falling 
edge 
of OE (tOE). 


•• 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these condition are met, the supply current will 
drop from 20 mA to 100 11A. 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all1's state 
as a result of being exposed to ultraviolet light. 
To 
ensure complete erasure, a dose of 15 watt-second/em' 
is required. This means that the device window must be 
placed within one inch and directly undemeath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000 IJ.W/cm2 for approximately 20 minutes. 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. 
Up to 10 100-microsecond 
pulses are 
applied until the byte is verified. 
No over-programming 
is required. 
A flowchart 
of the express algorithm is 
shown in Figure 1. 


a) Vcc is brought to proper voltage, 
b) VPpis brought to proper VH level, 
c) The OE pin is high and 
d) the CE pin is low. 


Since the erased state is "1" in the array, programming 
of "0" is required. The address to be programmed is set 
via pins AG-A14 and the data to be programmed 
is 
presented to pins 00-07. 
When data and address are 
stable, 
a low-going pulse on the CE line programs that 
location. 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) VPp ~ at the proper VH level, 
c) The CE pin is high and 
d) the OE line is low. 


When programming 
multiple devices in parallel with 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low on a particular 
device, that device will be programmed; all other devices 
with CE held high will not be programmed with the data, 
although address and data will be available on their input 
pins. 


In this mode specific data is outputted which identifies 
the manufacturer 
as Microchip Technology 
Inc. and 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at VIL AOis used to access any of the two non-erasable 
bytes whose data appears on 00 through 07. 


Pln- 
Input 
Output 


Identity 
AO 
0 
0 
0 
0 
0 
0 
0 
0 
H 
i 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type" 
VIH 
1 
0 
0 
0 
1 
1 
0 
0 
8C 


Conditions: 
Tanb = 2S"C ±S"C 
Vcc = 6.S ±O.2SV 
VPp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc= 
6.SV 
VPp= 13.0V 


•• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27C256 • 90 II TS 
-C-' lP~- 


J 
CERDIP 
K 
Ceramic Leadless Chip Carrier 
L 
Plastic Leaded Chip Carrier 
P 
Plastic DIP 
SO 
Plastic SOIC 
TS 
Thin Small Outline Package (TSOP) 8x20mm 
VS 
Very Small Outline Package (VSOP) 8x13.4mm 
I Temperature 
- 
O'C to 70'C 
Range: 
I 
-40'C to as'C 
E 
-40'C 
to 125'C 


Access Time: 
90 
90 ns 
10 
100 ns 
12 
120 ns 
15 
150 ns 
20 
200 ns 


I 
I' 
27C256 
256K (32K x 8) CMOS EPROM 
I Devce. 


27HC256 


256K (32K x 8) High Speed CMOS EPROM 


• 
High speed performance 
- 
55 ns access time available 


• 
CMOS technology for low power consumption 
- 
55 mA active current 


- 
100 1IA standby current (low power option) 


• 
OTP (one time programming) available 


• 
Auto-insertion-<:ompatible plastic packages 


• 
Auto ID aids automated programming 


• 
Organized in 32K x a - JEDEC Standard Pinouts 
- 
2a-pln Dual-In-line and SOIC package 


- 
32-pin Chip carrier (Ieadless or plastic) 


- 
2a-pin Very Small Outline package (VSOP) 


• 
Available for the following temperature ranges: 


-COmmercial: 
O·C to +70·C 


-Industrial: 
-40·C to +85·C 


-Automotive: 
-40·C to +125·C 


The Microchip Technology Inc. 27HC256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 32K words of a 
bits each. Advanced CMOS technology allows bipolar 
speed with a significant reduction in power. A low power 
option (L) allows further reduction in the standby power 
requirement to 100 1IA The 27HC256 is configured in a 
standard 256K EPROM pinout which allows an easy 
upgrade for present 27C256 users. 
A complete family 


of packages are offered to provide the utmost flexibility. 
The 27HC256 allows high performance microproces- 
sors to run at full speed without the need of wait states. 
CMOS design and processing makes this part suitable 
for applications where high reliability and reduced power 
consumption are essential. 
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27HC256 


PIN FUNCTION 
TABLE 


Name 
Function 


AO -A14 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
Vpp 
Programming Voltage 
00-07 
Data Output 
Vcc 
+5V 
Vss 
Ground 
tC 
No Connection; No Internal Connection 
I'lJ 
Not Used; No External Connection Is 
Allowed 


ELECTRICAL 
CHARACTERISTICS 
Maximum 
Ratings· 


Vcc and input voltages w.r.t. Vss 
:'O.6Vto +7.25V 
Vpp voltage w.r.t. Vss during 
programming 
-o.6V to +14V 
Voltage on A9 w.r.t. Vss 
-o.6V to +13.5V 
Output voltage w.r.t. Vss 
-o.6V to Vcc +1.0V 
Temperature under bias 
-65"C to 125"C 
Storage temperature 
-65"C to 150"C 
Maximum exposure to UV 
7258Wseclcm2 


ESD protection on all pins 
2 KV 


'Notice: 
Stresses above those listed under "Maximum Ratings' 


may cause permanent damage to the device. 
This is a stress 
rating only and functional operation olthe device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ 
OPERATION 
VCC= +5V ±10% 
Commercial: 
Tamb= 
0"Ct070"C 
Industrial: 
Tamb= -40"C to 85"C 
DC Characteristics 
Extended (Automotive): 
Tamb= -40"C to 125"C 


Parameter 
Part· 
Status 
Svmbol 
Min 
Max 
Units 
Conditions 


Input Voltages 
aD 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Loqic '0' 
VIL 
-0.1 
0.8 
V 
Input Leakage 
aD 
lu 
-10 
10 
!!A 
VIN= -o.1V to Vcc+1.0V 


Output Voltages 
aD 
Logic '1' 
VOH 
2.4 
V 
IOH=-4mA 
Logic '0' 
Va.. 
0.45 
V 
Ia.. = 16mA 
Output Leakage 
aD 
- 
ILO 
-10 
10 
!!A 
Va..rr - -0.1V to 
Vcc+O.1V 
Input Capacitance 
aD 
- 
CIN 
- 
6 
pF 
VIN = OV; Tamb = 25" C; 
f= 1 MHz 
Output Capacitance 
aD 
- 
COOr 
- 
12 
pF 
Va..rr = OV;Tamb = 25"C; 
f= 1 MHz 
Power Supply Current, 
C 
TILinput 
ICCI 
- 
55 
mA 
Vcc = 5.5V; Vpp = Vcc 
Active 
I,E 
TILinput 
ICC2 
- 
65 
mA 
f=2 
MHz; 


OE= CE =VIL; 
10ut=OmA; 
V,L= -0.1 to 0.8V; 
VIH= 2.0 to V cc; 
Note 1 
Power Supply Current, 
C 
- 
ICC(S)I 
- 
35 
mA 
Standbv, Std 
I,E 
- 
40 
mA 
Power Supply Current, 
C 
TILinput 
ICC(S)2 
- 
2 
mA 
Standby, 'L' version 
I,E 
TILinput 
3 
mA 
- 
(low Dower) 
I,E 
CMOS inDut 
100 
!!A 
CE = V cc ±O.2V 
IPPRead Current 
all 
Read Mode 
Ipp 
Vcc 
100 
!!A 
VPP=5.5V 
VPP Read Voltage 
all 
Read Mode 
VPP 
-0.7 
Vcc 
V 
Note 2 


• Parts: 
C = Commercial Temperature Range; L = Low Power; I, E = Industrial and Extended Temperature 
Ranges; 
Notes: (1) Active current increases 3 mA per MHz for Commercial part or 5 mA per MHz for Industrial or 
Extended Temperature parts up to operating frequency. 
(2) Vcc must be applied simultaneously 
or before VPP, and removed simultaneously or after VPP. 


AC Testing Waveform: 
VIH= 3.0V and VIL = O.OV; V OH= VOl. = 1.5V 
READ OPERATION 
Output Load: 
1 TTL Load + 30 pF 
AC Characteristics 
Input Rise and Fall Times: 
5ns 
Ambient Temperature: 
Commercial: 
Tamb= 
O'Cto 70'C 
Industrial: 
Tamb = -40'C to 85'C 
Extended (Automotive): 
Tamb= 
-40'Cto 
125'C 


Parameter 
Part" 
8ym 
27HC256-55 
27HC256·70 
27HC256-90 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 
- 
- 
Address to Output Delay 
aD 
tACe 
- 
55 
- 
70 
- 
90 
ns 
CE = OE = VI 
- 
- 
CE to Output Delay 
L 
tCEl 
- 
55 
- 
70 
- 
90 
ns 
OE=VIL 
S 
tCE2 
- 
45 
- 
45 
- 
50 
- 
CE=VL 
OE to Output Delay 
aI 
tOE 
- 
30 
- 
35 
- 
40 
ns 
- 
OE to OIP High 
aI 
tOFF 
0 
25 
0 
30 
0 
35 
ns 
Impedance 


Output Hold fro!!!... 
aI 
tOH 
0 
- 
0 
- 
0 
- 
ns 
Address CE or OE, which- 
ever goes first 
. Parts: S = Standard Power; L = Low Power 


READ WAVEFORMS 


VIH 
•• 


Address 
Address valid 
Vil 


VIH 


CE 
VIL 


VIH 


OE 
Vil 


Outputs 
VOH 
HighZ 
00- 
07 
Valid Output 
VOl. 


tACe 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 


PROGRAMMING 
Ambient Temperature: Tamb = 25'C ±5'C 
DC Characteristics 
Vee = 6.5V ± 0.25V, V pp = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vee+1 
V 
Logic '0' 
VIL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
IJA 
VIN = OV to Vee 


OutpU1Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -4 mA 
Logic '0' 
VOL 
0.45 
V 
IOL= 16 mA 


Vee Current, 
- 
Ice 
- 
55 
mA 
program 
& verify 


VPPCurrent, program 
- 
Ipp 
- 
30 
mA 
Note 1 


A9 Product Identification 
- 
VH 
11.5 
12.5 
V 


PROGRAMMING 
AC Testing Waveform: VIH= 2.4V and VIL = 0.45V; VOH= 2.0V; VOL = 0.8V 
AC Characteristics 
Ambient Temperature: Tamb = 25'C ±5'C 
for Program, Program Verify 
Vee = 6.5V ± 0.25V, V PP= 13.0V ± 0.25V 
and Program Inhibit Modes 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
J.IS 


Data Set-Up Time 
too 
2 
- 
J.IS 


Data Hold Time 
tOH 
2 
- 
J.IS 


Address Hold Time 
tAH 
0 
- 
J.IS 


Float Delay (2) 
tOF 
0 
130 
ns 


Vee Set-Up Time 
tvcs 
2 
- 
J.IS 


Program Pulse Width (1) 
tPW 
95 
105 
J.IS 
100 its typical 


OE Set-Up Time 
tOES 
2 
- 
J.IS 


VPPSet-Up Time 
tvps 
2 
- 
J.IS 


Data Valid from OE 
tOE 
- 
100 
ns 


Notes: (1) For express algorithm, initial programming width tolerance is 100 its ±5%. 


(2) This parameter is only sampled and not 100% tested. 
Output float is defined as the point where data 


is no longer driven (see timing diagram). 


Vpp 
5.0V 


Vcc 
5.0V 


VIH 
CE 
VL 


VIH 
OE 
VL 


Notes: 
(1) 
(2) 


27HC256 


tOFand toe are characteristics of the device but must be accommodated by the programmer 
Vcc = 6.5V ±O.25V,V pp = VH = 13.0V ±O.25Vfor express algorithm 


Operation Mode 
CE 
OE 
Vpp 
A9 
00-07 


Read 
VIL 
VIL 
Vcc 
X 
DooT 
Program 
VIL 
VIH 
VH 
X 
DIN 
Program Verify 
VIH 
VIL 
VH 
X 
DooT 
Program Inhibit 
VIH 
VIH 
VH 
X 
HighZ 
Standby 
VIH X 
Vcc 
X 
HighZ 
Output Disable 
VIL 
VIH 
Vcc 
X 
HighZ 
Identity 
VIL 
VIL 
Vcc IVH 
Identity Code 


The 27HC256 has the following functional modes: 


-Operation: 
The 27HC256 can be activated for data 
read, be put in standby mode to lower its power 
consumption, or have the outputs disabled. 


-Programming: 
To receive its permanent data, the 
27HC256 must be programmed. 
Both a program and 
programlverify 
procedure are available. 
It can be 
programmed with the 'Express' 
algorithm. 


The programming equipment can automatically recog- 
nize the device type and manufacturer using the identity 
mode. 


Ooeration 


• Read 
• Standby 
• Output Disable 


Forthe general characteristics inthese operation modes, 
refer to the table above. 


•• 


Read Mode 


For timing and AC characteristics 
refer to the tables 
Read Waveforms and Read Operation AC Characteris- 
tics. 


The 27HC256's memory data is accessed when 


- 
the chip is enabled by setting the CE pin low. 
- 
the data is gated to the output pins by setting the 
OEpin low. 


For Read operations on the Low Power version, once 
the addresses are stable, the address access time 
(lAcc) ~equal 
to the delay from CE to output (tCE). A 
faster CE access time (tCE)is available on the standard 
part to provide the additional time for decoding the CE 
signal. 
Data is transferred to-.!be output after a delay 
(tOE)from the falling edge of OE. 


Standby 
Mode 


The standby mode is entered when the CE pin is high, 
and a program mode is not defined. 
When these 
conditions are met, the supply current will drop from 55 
mA to 100I1Aon the low power part, and to 35 mA on the 
standard part. 


Output Disable 


This feature eliminates bus contention in multiple bus 
microprocessor 
systems. 
The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 


Programming 
Algorithms 


The Express algorithm has been developed to improve 
programming throughput times in a production environ- 
ment. Up to 10 pulses of 100 lLSeceach are applied until 
the byte is verified. No over-programming is required. A 
flowchart of this algorithm is shown in Figure 1. 


The programming mode is entered when: 


a) VCCis brought to the proper level 
b) Vpp~ 
brought to the proper VH level 
c) the OE pin is high 
d) the CE pin is low 


Since the erased state is '1' in the array, programming 
of '0' is required. The address of the memory location 
to be programmed is set via pins AO- A 14, and the data 
is presented to pins 00 - 07. 
When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 


~ 


After the array has been programmed, it must be verified 
to make sure that aU the bits have been correctly 
programmed. 
This mode is entered when aU of the 
foUowing conditions are met: 


a) Vcc is at the proper level 
b) Vpp is at the proper VH level 
c) the CE pin is high 
d) the OE line is low 


Inhibit 
Mode 


When Programmin9....!!!ultiple devices in parallel with 
different data only CE needs to be under separate 
control to each device. By pulsing the CE line low on a 
particular device, that device will be programmed, and 
aU other devices with CE held high wiU not be pro- 
grammed with the data although address and data are 
available on their input pins. 


Identity 
Mode 


In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered whlillJlin A9 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL. AOis used to access any of the two non- 
erasable bytes whose data appears on 00 - 07. 


Pln--- 
Input 
Output 


Identity 
AO 
00 
0 
0 
0 
0 
0 
0 
H 


~ 


765 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type 
VIH 
1 
0 
0 
1 
0 
1 
0 
0 
94 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the aU"l"s state 
when exposed to ultraviolet light at wavelengths $ 4000 
Angstroms 
(A). 
The recommended 
procedure 
is to 
expose the erasure window of device to a commercial 
UV source 
emitting at 2537 A with an intensity 
of 
12,OOOI1W/cm2at 1'. The erasure time at that distance 
is about 15 to 20 min. 


Note: 
Fluorescent lights and sunlight emit rays at the 
specified wavelengths. 
The erasure time is about 3 
years or 1 week resp. in these cases. To prevent loss of 
data, an opaque label should be placed over the erasure 
window. 


Conditions: 
Tanb = 25+/-5C 
vcc = 6.5+/-0.25V 
Vpp = 13.0+/-0.25V 


ADDR = First Location 
Vcc=6.5V 
Vpp= 13.0V 


•• 


To order 
or to obtain 
information, 
e.g., 
on pricing, 
or delivery, 
please 
use the listed 
part numbers, 
and 
refer to the 


factory 
or the listed 
sales 
offices. 


PART NUMBERS 


27HC256 L 
- 55 II SO 


Package: 
J 


K 
L 
P 
SO 
VS 


Temperature 
Range: 
I 
E 


Access 
Time: 
55 
70 
90 


Cerdip 
DIP 
Ceramic 
Leadless 
Chip Carrier 
PLCC 
Plastic 
DIP 
Plastic SOIC 
Very Small Outline 
Package 
(VSOP) 
8x13.4mm 


O'Cto 
+70'C 


-40'C 
to +85'C 


-40'C 
to + 125'C 


55 ns 
70 ns 
90 ns (SOIC only) 


Standard 
Power 
Low Power 


27LV256 


256K (32K x 8) Low Voltage CMOS EPROM 


• Wide voltage range 3.0V to 5.5V 
• High speed performance 
- 
200 ns access time available at 3.0V 
• CMOS Technology for low power consumption 
- 
8 mA Active current at 3.0V 
- 
20 mA Active current at 5.5V 
-100 
I!A Standby current 
• 
Factory programming available 
• Auto-insertion-compatible 
plastic packages 
• Auto 10 aids automated programming 
• Separate chip enable and output enable controls 
• High speed "Express' programming algorithm 
• Organized 32K x 8: JEOEC standard pinouts 
- 
28-pin Oual-in-line package 
- 
32-pin PLCC package 
- 
28-pin SOIC package 
- 
28-pin VSOP package 
- 
Tape and reel 
• Available for extended temperature ranges: 
- 
Commercial: 
O'C to 70·C 
-Industrial: 
-40'C to 85'C 


The Microchip Technology Inc. 27LV256 is a low voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. The device is organized as a 32K x 8 (32K- 
Byte) non-volatile memory product. The 27LV256 con- 
sumes only 8 mA maximum of active current during a 3.0 
volt read operation therefore improving battery perfor- 
mance. 
This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMS 
can not be used. 
Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 3.0V. 
This device allows systems designers the ability to use 
low voltage non-volatile memory with todays' low volt- 
age microprocessors 
and peripherals 
in battery pow- 
ered applications. 
A complete family of packages is offered to provide the 
most flexibility in applications. 
For surface mount appli- 
cations, PLCC or SOIC packaging is available. 
Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 
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PIN FUNCTION TABLE 


Name 
Function 


AO ·A14 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
Vpp 
Programming Voltage 
00-07 
Data Output 
vcc 
+5V or +3V Power Supply 
Vss 
Ground 
tc 
No Connection; 
No Intemal Connection 
IIlJ 
Not Used; No Extemal 
Connection is Allowed 


Vcc and input voltages w.r.t. Vss 
-o.6V to +7.25V 
Vpp voltage w.r.t. vss during 
programming 
-o.6V to +14.0V 
Voltage on A9 w.r.t. Vss 
·0.6V to +13.5V 
Output voltage w.r.t. Vss 
-o.6V to Vcc + 1.0V 
Storage temperature 
-65·C to 150·C 
Ambient temp. with power applied 
-65"C to 125"C 


'Notice: 
Stresses above those listed under "Maximum Ratings' 


may cause permanent damage to the device. 
This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ OPERATION 
vcc = +5V ±10% or 3.0V where indicated 
DC Characteristics 
Commercial: 
Tamb= 
O·Cto 70"C 
Industrial: 
Tamb= -40·C to as·C 


Parameter 
Part" 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
aI 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Loaic '0' 
Vil 
-0.5 
0.8 
V 
Input Leakage 
aI 
lu 
-10 
10 
j.lA 
VIN=Oto Vcc 


Output Voltages 
aR 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 j.lA 
Logic '0' 
VOL 
0.45 
V 
10l= 2.1 mA 
Output Leakage 
all 
lID 
-10 
10 
j.lA 
Vour - OVto Vcc 


Input Capacitance 
aI 
- 
CIN 
- 
6 
pF 
VIN = OV; Tamb = 25·C; 
f= 1 MHz 
Output Capacitance 
aI 
- 
Ca.rr 
- 
12 
pF 
Vour = OV;Tamb= 25·C; 
f= 1 MHz 
Power Suppy Current, 
C 
TTL input 
ICCI 
- 
20 @ 5.0V 
mA 
Vcc = 5.5V; Vpp = Vcc; 


Active 
8@3.0V 
mA 
f= 1 MHz; 


I 
TTL input 
1CC2 
- 
25 @ 5.0V 
mA 
OE =CE = VIL; 


10 @ 3.0V 
mA 
10ut=OmA; 
VIL= -0.1 to 0.8V; 
VIH= 2.0 to V cc; 
Note 1 
Power Supply Current, 
C 
TTL input 
I CC(S) 
- 
1 @3.0V 
mA 
Standby 
I 
TTL input 
2 @3.0V 
mA 
aI 
CMOS input 
100 @ 3.0V 
j.lA 
CE = V cc ±O.2V 


" Parts: 
C = Commercial Temperature Range 
I = Industrial Temperature Range 
Notes: 
(1) Active current increases 5 mA per MHz up to operating frequency for all temperature ranges. 


READ OPERATION 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; V OH= 2.0V VOL =C.8V 


AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 
10 ns 
Ambient Temperature: 
Commercial: 
Tamb= 
O·Cto 70·C 
Industrial: 
Tamb= 
-40·C to SS·C 


Parameter 
Sym 
27LV256-20 
27LV256-25 
27LV256-30 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tACe 
- - 
Address to Output Delay 
- 
200 
- 
250 
- 
300 
ns 
CE=OE=VIL 


CE to Output Delay 
to: 
- 
- 
200 
- 
250 
- 
300 
ns 
OE=VIL 


OE to Output Delay 
tOE 
- 
100 
- 
125 
- 
125 
ns 
CE=VL 


CE or OE to OIP High 
tOFF 
0 
50 
0 
50 
0 
50 
ns 
Impedance 


Output Hold fro!!!- 
tOH 
0 
- 
0 
- 
0 
- 
ns 
Address CE or OE, 
whichever goes first 


READ WAVEFORMS 


VIH 
• 


Address 
Address Valid 
VL 


VIH 
CE 
VII. 


VIH 
OE 
VII. 


Outputs 
VOH 
HighZ 
00-07 
Valid Output 
VOL 


tACC 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to teE - tOE after the falling edge of CE without impact on teE 
(3) This parameter is sampled and is not 100% tested. 


PROGRAMMING 
Ambient Temperature: Tamb = 25'C ±5'C 


DC Characteristics 
Vcc = 6.5V ± 0.25V. V pp = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 
Logic '0' 
VIL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
I!A 
VIN = OVto Vcc 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 I!A 
Logic '0' 
VOL 
0.45 
V 
IOL=2.1 mA 


Vcc Current. program 
and verify 
- 
Icc2 
- 
20 
mA 
Note 1 


Vpp Current. program 
- 
1PP2 
- 
25 
mA 
Note 1 


A9 Product Identification 
- 
VH 
11.5 
12.5 
V 


PROGRAMMING 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; V OH= 2.0V; VOL = 0.8V 
AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
for Program. Program Verify 
Ambient Temperature: 
Tamb = 25'C ±5'C 
and Program Inhibit Modes 
Vcc = 6.5V ± 0.25V, V pp = 13.0V ± 0.25V 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
lIS 


Data Set-Up Time 
too 
2 
- 
lIS 


Data Hold Time 
tOH 
2 
- 
lIS 


Address Hold Time 
tAli 
0 
- 
lIS 


Float Delay (2) 
tDF 
0 
130 
ns 


Vcc Set-Up Time 
tvcs 
2 
- 
lIS 


Program Pulse Width (1) 
tPW 
95 
105 
lIS 
100 lIS typical 


CE Set-Up Time 
tCES 
2 
- 
lIS 


OE Set-Up Time 
tOES 
2 
- 
lIS 


VPPSet-Up Time 
tvps 
2 
- 
lIS 


Data Valid from OE 
tOE 
- 
100 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 lIS ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 


VPp 
5.0V 


Vcc 
5.0V 


VIH 
CE 
VL 


VIH 
OE 
VL 


Notes: 
(1) 
(2) 
tOFand toe are characteristics of the device but must be accommodated by the programmer 
Vcc = 6.5V ±O.25V. VPp = VH= 13.0V ±O.25V for express algorithm 


Operation Mode CE OE 
VPp 
A9 
00-07 


Read 
V••. VIL 
Vcc 
X 
Dour 
Program 
VIL VIH 
VH 
X 
DIN 
Program Verify 
VIH VIL 
VH 
X 
Dour 
Program Inhibit 
VIH VIH 
VH 
X 
HighZ 
Standby 
VIH 
X 
Vcc 
X 
HighZ 
Output Disable 
VII. VIH 
Vcc 
X 
HighZ 
Identity 
VL 
VIL 
Vcc 
VH 
Identity Code 


b) 
the OE pin is low to gate the data to the output 
pins. 


For Read operations. if the addresses are stable. the 
address access time (lAcc) is equal to the delay from CE 
to output (tce). 
Data is transferred to the output after a 
delay from the falling edge of OE (toe). 


• 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. 
Up to 10 100-microsecond 
pulses are 
applied until the byte is verified. 
No over-programming 
is required. 
A flowchart of the express algorithm is 
shown in Figure 1. 


a) Vcc is brought to proper voltage, 
b) VPpis brought to proper VH level, 
c) The OE pin is high and 
d) the CE pin is low. 


Since the erased state is "1" in the array, programming 
of -0" is required. The address to be programmed is set 
via pins AO-A14 and the data to be programmed 
is 
presented to pins 00-07. 
When data and address are 
stable, 
a low-going pulse on the CE line programs that 
location. 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) Vpp ~ at the proper VH level, 
c) The CE pin is high and 
d) the OE line is low. 


When programming 
multiple devices in parallel with 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low on a particular 
device, that device will be programmed; all other devices 
with CE held high will not be programmed with the data, 
although address and data will be available on their input 
pins. 


In this mode specific data is outputted which identifies 
the manufacturer 
as Microchip Technology 
Inc. and 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at VIL AOis used to access any of the two non-erasable 
bytes whose data appears on 00 through 07. 


Pin-- 
Input 
Output 


Identity 
AO 
00 
0 
0 
0 
0 
0 
0 
H 


J 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type" 
VIH 
1 
0 
0 
0 
1 
1 
0 
0 
8C 


Conditions: 
Tani> = 2S·C ±5·C 
Vcc = 6.5 ±O.2SV 
VPp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc=6.SV 
VPp= 13.0V 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27LV256 - 25 II P 
-- 
~P~-' 
L 
Plastic Leaded Chip Carrier 
P 
Plastic DIP 
SO 
Plastic SOIC 
VS 
Very Small Outline Package (VSOP) 8x13.4mm 
I Temperature 
- 
O'C to 70'C 
Range: 
I 
-40'C 
to 85'C 
I Access Time: 
20 
200 ns 
25 
250 ns 
30 
300 ns 


I Device: 
27LV256 
256K (32K x 8) Low Voltage CMOS EPROM 


27HC1616 


256K (16K x 16) High Speed CMOS EPROM 


• 
16 bit configuration 
• High speed performance 
-55 
ns access time available 
• CMOS Technology for low power consumption 
-90 
mA Active current 


-50 
mA Standby current 
• WordWide architecture offers space saving over 
Bytewide memories 
• Organized 16K x 16: JEDEC standard pinouts 


-40-Pin 
ceramic dual in line package 


-44-Pin 
ceramic leadless chip carrier 
• Temperature range available: 


-Commercial: 
O·C to +70·C 


-Industrial: 
-40·C to +85·C 


V'" 
1 
~ 
'" 
v'" 
CE 
Cl[ 
2 
39 
PGM 


01. 
3 
38 
NO 
DE 
014 
4 
37 
NO 


g~61~~~ ~~ ~~~ 
PGM 
013 • 
38 
NO 


012 · 


36 
413 
vpp 


A" 
7 
34 
412 
6 5 .• 32 
14443424140 
012 7 
39 
413 
vss 
01. • 
33 
4" 
011 8 
38 
412 
00 .0 


32 41. 
01 • 
37 
411 
Vec 
08 
10 
31 .. 
09 
1. 0 


36 
41. 


Vu 
" 
30 
Vu 
0811 
35 
AS 
AO 
Va 
12 
34 
Vos 
07 
12 
26 
AS 
NC '3 
33 
NC 
I 
08 
13 
28 
47 
07 
14 
32 
AS 
I 


06 
14 
27 
AS 
0815 
31 
47 
I 


04 
" 
28 
AS 
05 
,. 
30 
AS 
I 


03 ,. 
25 
M 
0417 
29 
AS 
I 
1 1 20 1 
242 
02 
17 
2< 
AS 
I 
a' ,. 
23 
A2 
a8081~ ~~<~~~ 
I 
00 ,. 
22 
41 
I 
OE 
20 
21 .. 
LCC 
I 
I 
DIP 
A13 


The Microchip Technology Inc. 27HC1616 is a CMOS 
16K x 16 (256K) Programmable 
Read Only Memory. 


The device operates at Bipolar PROM speeds but uses 
far less current than any Bipolar PROM. The 27HC1616 
is an excellent choice for any application 
requiring 
blazing speeds and low power consumption. 
The word 
wide (16 bit) architecture can replace two 8 bit EPROMS 
in any 16 bit application saving valuable printed circuit 
space and components costs. Typical applications for 
the 27HC1616 include automotive systems control, high 
speed modems, digital signal processing, or any appli- 
cation that uses the 80386, 68030, 29000, etc. high 
performance microprocessors. 


Chip Enablel 
Outpul Enable 
Conlrol 
Logic 


PIN FUNCTION 
TABLE 


Name 
Function 


AO- A13 
Address Inputs 
CE 
Chip Enable 
OE 
Output Enable 
PGM 
Program Enable 
Vpp 
Programming Voltage 
00 - 01S 
Data Output 
Vce 
+SV Power Supply 
Vss 
Ground 
I\C 
No Connection; No 
Intemal Connection 


ELECTRICAL 
CHARACTERISTICS 


Maximum 
Ratings· 


Vee and input voltages w.r.t. Vss 
-0.6V to +7.2SV 


Vpp voltage w.r.t. vss during 
programming 
-D.6V to +14.0V 


Voltage on A9 w.r.t. Vss 
-0.6V to +13.SV 


Output voltage w.r.t. Vss 
-D.6V to Vce +1.0V 


Temperature under bias 
-6S'C to 12S'C 


Storage temperature 
-6S'C to 1S0'C 


ESD protection on all pins 
2KV 


'Notice: 
Stresses above those listed under"Maximum 
Ratings" 


may cause permanent damage to the device. 
This is a stress 


rating only and functional operation olthe device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ 
OPERATION 
Vee = +SV ±10% 


DC Characteristics 
Commercial: 
Tamb= 
O'Cto 70'C 
Industrial: 
Tamb= -40'C to SS'C 


Parameter 
Part 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
all 
Logic "1" 
VIH 
2.0 
Vee+1 
V 
Logic "0" 
Vil 
-0.1 
0.8 
V 
Input Leakage 
all 
- 
lu 
-10 
10 
llA 
VIN= -0.1 to Vee + 1.0V 


Output Voltages 
all 
Logic "1" 
VOH 
2.4 
V 
IOH=-2mA 
Looic "0" 
VOL 
0.45 
V 
IOl=8mA 
Output Leakage 
all 
- 
IlO 
-10 
10 
llA 
VOUT= -0.1 to Vee + 0.1V 


Input Capacitance 
all 
- 
CIN 
- 
6 
pF 
VIN = OV; Tamb = 2S'C; 
f= 
1 "-41-17 
Output Capacitance 
all 
- 
Cour 
- 
12 
pF 
VOUT= OV;Tamb= 2S'C; 
f-1 
MHz 
Power Supply Current, 
all 
TILinput 
Ice 
- 
90 
mA 
Vee = S.SV; Vpp = VCC 


Active 
f= 2 MHz; 
OE = CE =VIL; 
10ut=OmA; 
VIL = -0.1 to 0.8V; 
VIH= 2.0 to V ce; 
Note 1 
Power Supply Current, 
all 
- 
Ice 
- 
SO 
mA 
Standbv 
Ipp Read Current 
all 
Read Mode 
Ipp 
100 
llA 
Vpp= S.SV 
Vpp Read Voltage 
all 
Read Mode 
Vpp 
Vee-D.7 
Vee 
V 
Note 2 


Notes: 
(1) Active current increases 2 mA per MHz up to operating frequency. 
(2) Vee must be applied simultaneously or before Vpp and be removed simultaneously or after VPP. 


READ OPERATION 
AC Testing Waveform: 
VIH = 3.0V and VIL = O.OV; V OH= VOL = 1.5V 


AC Characteristics 
Output Load: 
1 TTL Load + 30 pF 
Input Rise and Fall Times: 5 ns 
Ambient Temperature: 
Commercial: 
Tamb= 
O'Cto 70'C 
Industrial: 
Tamb= 
-40'C to 85'C 


Parameter 
Part 
Sym 
27HC1616-55 
27HC1616-70 
Units 
Conditions 


Min 
Max 
Min 
Max 
- 
- 
Address to Output Delay 
all 
tACe 
- 
55 
- 
70 
ns 
CE=OE=VIL 
- 
- 
CE to Output Delay 
all 
tCE2 
- 
35 
- 
45 
ns 
OE=VIL 
- 
CE=VL 
OE to Output Delay 
all 
tOE 
- 
30 
- 
35 
ns 


CE or OE to OIP High 
all 
tOFF 
0 
20 
0 
25 
ns 
Impedance 


Output Hold frorrL 
all 
too 
0 
- 
0 
- 
ns 
Address CE or OE, which- 
ever occurs first 


VIH 
Address 
Address valid 
VIL 


VIH 


CE 
VIL 


VIH 
OE 
VIL 


Outputs 
VOH 
HighZ 
Valid Output 
00 -015 
VOL 


tACe 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING 
Ambient Temperature: 25"C ±5"C 


DC Characteristics 
For V pp and Vee Voltages refer to Programming Algorithm 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
Logic "1" 
VIH 
2.0 
Vcc+1 
V 
Logic "0" 
VIL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
1IA 
VIN= -.1V to Vee+ 1.0V 


Output Voltages 
Logic "1" 
VOH 
2.4 
V 
IOH= -2 mA 


Logic "0" 
VCA. 
- 
0.45 
V 
1CA.=8mA 


Vee Current, program 
& verify 
- 
Ice 
- 
90 
mA 
Note 1 


Vpp Current,program 
- 
Ipp 
- 
50 
mA 
Note 1 


A9 Product Identification 
- 
VH 
11.5 
12.5 
V 


PROGRAMMING 
AC Testing Waveform: 
VIH= 2.4V; VIL = 0.45V; VOH= 2.0V and VCA.= 0.8V 
AC Characteristics 
Ambient Temperature: 
25"C±5"C 


for Program, Program Verify 
For V pp and Vec Voltages, refer to Programming Algorithm 


and Program Inhibit Modes 


Parameter 
Symbol 
Min 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
IJS 


Data Set-Up Time 
too 
2 
- 
IJS 


Data Hold Time 
tOH 
2 
- 
IJS 


Address Hold Time 
tAH 
0 
- 
IJS 


Float Delay (2) 
tOF 
0 
130 
ns 


Vce Set-Up Time 
tves 
2 
- 
IJS 


Program Pulse Width (1) 
tPW 
95 
105 
IJS 
100 11Stypical 


CE Set-Up Time 
teES 
2 
- 
IJS 


OE Set-Up Time 
toes 
2 
- 
IJS 


Vpp Set-Up Time 
tvps 
2 
- 
IJS 
- 
toe 
Data Valid from OE 
- 
100 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 I1s±5%. 
(2) This parameter is only sampled and not 100% tested. 
Output float is defined as the point where data 


is no longer driven (see timing diagram). 


PROGRAMMING 
Waveforms 


Vpp 
5.0V 


Vcc 
5.0V 


VIH 


CE 
VIL 


VIH 


PGM 
Vn.. 


VIH 


OE 
VI. 


Notes: 
(1) 
(2) 
tOFand tOEare characteristics of the device but must be accomodated by the programmer 
Vcc = 6.5V ±O.25V, 
Vpp = VH = 13.0V 
±O.25V for express algorithm 


Operation Mode CE 
OE 
PGM 
VPf' 
A9 
00-015 


Read 
VL 
VL 
VIH 
Vcc 
X 0... 


Program 
VL 
VIH 
VL 
VH 
X 
Oil 
Program Verify 
VIH 
VL 
VIH 
VH 
X 0... 


Program InhiM 
VIH 
X 
X 
VH 
X 
HighZ 
Standby 
VIH 
X 
X 
Vcc 
X 
HighZ 
Output Disable 
X 
VIH 
VIH 
Vcc 
X 
HighZ 
Identity 
VL 
VL 
VIH 
Vcc 
VH 
Identity Code 


The 27HC1616 
has the following functional modes: 


-Operation: 
The 27HC1616 
can be activated for data 
read, be put in standby mode to lower its power 
consumption, or have the outputs disabled. 


-Programming: 
To receive its permanent data, the 
27HC1616 
must be programmed. 
Both a program 
and programlverify 
procedure is available. 
The Ex- 
press programming algorithm is recommended. 


The programming equipment can automatically recog- 
nize the device type and manufacturer using the identity 
mode. 


For the general characteristics 
in these operation and 
programming modes, refer to the table. 
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Read Mode 


For timing and AC characteristics 
refer to the tables 
Read Waveforms and Read Operation AC Characteris- 
tics. 


The 27HC1616's memory data is accessed when 


-the 
chip is enabled by setting the CE pin low. 
_ 
-the 
data is gated to the output pins by setting the OE 
pin low. 
Standby Mode 


The standby mode is entered when the CE pin is high, 
and the program mode is not defined. 
When these 
conditions are met, the supply current will drop from 90 mA 
to 50 mA. 


Output Disable 


This feature eliminates bus contention in multiple bus 
microprocessor 
systems. 
The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 


Programmlng/Verification 


The 27HC1616 has to be programmed, and afterward 
the programmed 
information 
verified. 
Before these 
operations, the Identity Code can be read to properly set 
up automated equipment. 
Multiple devices in parallel 
can be programmed using the programming and inhibit 
modes. 


Programming 
Algorithm 


The "Express" algorithm has been developed to improve 
programming through-put times in a production environ- 
ment. Up to 10 pulses of 100 lIS each are applied until 
the byte is verified. No overprogramming is required. A 
flowchart of this algorithm is shown in Figure 2. 


The programming mode is entered when: 


a) Vcc is brought to the proper level 
b) Vpp is brought to the proper VH level 
c) the OE pin is high 
d) the CI: pin is low, and 
e) the PGM pin is pulsed low. 


Since the erased state is "1" in the array, programming 
of "0" is required. The address of the memory location 
to be programmed is set via pins AO- A13, and the data 
is presented to pins 00 - 015. When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 


~ 


Afterthe array has been programmed, it must be verified 
to make sure that all the bits have been correctly 
programmed. 
This mode is entered when all of the 
following conditions are met: 


a) Vcc is at the proper level 
b) Vpp~at 
the proper VH level 
c) the OE line is low 
d) the CE pin is low, and 
e) the PGM line is high. 


Inhibit Mode 


When Programming 
multiple devices in parallel with 
different data only PGM needs to be under separate 
control to each device. By pulsing the PGM line low on 
a particular device, that device will be programmed, and 
all other devices with corresponding 
PGM or CE held 
high will not be programmed 
with the data although 
address and data are available on their input pins. 


Identity Mode 


In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered whe.!lPin A9 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL. AOis used to access any of the two non- 
erasable bytes whose data appears on 00 - 07. 


Pin ---- 
Input 
Output" 


Identity 
AO 
00 
0 
00 
0 
0 
0 
H 
i 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type" 
VIH 
1 0 
0 
1 
0 
1 
1 
1 
97 


"Code subject to change. 
Note: 015 - 08 are 00 for the manufacturer and 
device type code. 


Erasure 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all "1"s state 
as a result of being exposed to ultra-violet 
light at 
wavelengths S4000 Angstroms (A). The recommended 
procedure is to expose the erasure window of device to 
a commercial 
UV source emitting at 2537A with an 
intensity of 12,oooILW/cm2 at 1". The erasure time atthat 
distance is abou115 to 20 minutes. 


Note: 
Fluorescent lights and sunlight emit rays at the 
specified wavelengths. The erasure time is about 
3 years or 1 week resp. in these cases. 
To 
prevent loss of data, an opaque label should be 
placed over the erasure window. 


Conditions: 
Tarrb = 2S"C ±5"C 


Vcc = 6.5 ±O.2SV 
Vpp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc=6.SV 
VPp= 
13.0V 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


27HC1616 - 55 II P 
-,~- 


J 
Cerdip DIP 
K 
Ceramic Leadless Chip Carrier 


. 
O'C to 70'C 
I Temperature 
- 
Range: 
I 
-40'C 
to 85'C 


i Access Time: 
55 
55ns 
70 
70ns 


: Device: 
27HC1616 


27C512 


• High speed performance 
-90 
ns access time available 
• CMOS Technology for low power consumption 


-35 
mA Active current 
-100 
1lA Standby current 
• Factory programming available 
• Auto-insertion~ompatible 
plastic packages 
• Auto 10 aids automated programming 
• High speed express programming algorithm 
• Organized 64K x 8: JEOEC standard pinouts 
-28-pin 
Oual-in-line package 
-32-pin 
Chip carrier (Ieadless or plastic) 


-28-pin 
SOIC package 
-28-pin 
TSOP package 
-Tape 
and reel 
• Available for the following temperature ranges: 


-Commercial: 
O'C to 70'C 
-Industrial: 
-40'C to 85'C 
-Automotive: 
-40'C to 12S'C 


QEvpp 
1,. 
: 28 
0410 


All 
2'" 
.' 
27 
CE 
11.93\ 
/2607 
A~: 
\"1 
r/ ~:g: 


~~ ,;:::::::: 
~I:.:::::::~ ~ 


M 11 
... 
18 00 
AS 12 
.: 
•.. 
17 
AD 
M 
13 
:: 
.••. 
16 
A1 
A3 
14: 
•• 15 
A2. 


The Microchip Technology 
Inc. 27CS12 is a CMOS 
S12Kbit (electrically) Programmable Read Only Memory. 
The device is organized into 64K words by 8 bits (64K 
bytes). 
Accessing 
individual bytes from an address 
transition orlrom 
power-up (chip enable pin going low) 
is accomplished in less than 90 ns. This very high speed 
device allows the most sophisticated microprocessors 
to run at full speed without the need for WAIT states. 
CMOS design and processing enables this part to be 
used in systems where reduced power consumption and 
high reliability are requirements. 


A complete family of packages is offered to provide the 
most flexability 
in applications. 
For surface 
mount 


applications, 
PLCC or SOIC packaging 
is available. 


Tape or reel packaging is also available for PLCC or 
SOIC packages. 
UV erasable versions are also avail- 


able. 


vet:; 


A14 


A13 


AS 


A9 
All 
0EJv,.,. 


Al0 
CE 
07 
06 
06 
04 
03 


•• 


27C512 


PIN FUNCTION 
TABLE 


Name 
Function 


AO - A15 
Address Inputs 


CE 
Chip Enable 


OENpp 
Output Enable! 
Programming Voltage 


00-07 
Data Output 
Vcc 
+5V Power Supply 


Vss 
Ground 


I\C 
No Connection; No Internal 
Connection 


f\lJ 
Not Used; No External 
Connection Is Allowed 


Maximum 
Ratings· 


Vcc and input voltages w.r.t. Vss 
-o.6V to +7.25V 


Vpp voltage w.r.t. Vss during 
programming 
-o.6V to +14.0V 


Voltage on A9 w.r.t. Vss 
-o.6V to +13.5V 


Output voltage w.r.t. Vss 
-o.6V to Vcc + 1.0V 


Storage temperature 
-65'C to 1SO'C 


Ambient temp. with power applied 
-65'C to 125'C 


"Notice: 
Stresses 
above those listed under "Maximum 
Ratings" 


may cause 
permanent 
damage 
to the device. 
This is a stress 


rating only and functional 
operation 
of the device at those or any 


other conditions 
above those indicated 
in the operation 
listings 


of this specification 
is not implied. 
Exposure 
to maximum 
rating 


conditions 
for extended 
periods 
may affect 
device 
reliability. 


READ 
OPERATION 
vcc = +5V ±10% 


DC Characteristics 
Commercial: 
Tamb= 
0'Ct070'C 


Industrial: 
Tamb = -40'C to 85'C 


Extended (Automotive): 
Tamb = -40'C to 125'C 


Parameter 
Part" 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
all 
Logic "1" 
VIH 
2.0 
Vcc+1 
V 
LOQic"0" 
Vil 
-0.5 
0.8 
V 


Input Leakage 
all 
lu 
-10 
10 
j.lA 
VIN=OtoVcc 


Output Voltages 
an 
Logic "1" 
VOH 
2.4 
V 
IOH= -400 j.lA 
Logic "0" 
VO/... 
0.45 
V 
IOL=2.1 mA 
Output Leakage 
an 
- 
ILO 
-10 
10 
j.lA 
Vr:xrr = OVto Vcc 


Input Capacitance 
all 
- 
CIN 
- 
6 
pF 
VIN = OV;Tamb = 25'C; 
f= 1 MHz 
Output Capacitance 
all 
- 
COOr 
- 
12 
pF 
Vr:xrr = OV;Tamb= 25'C; 
f=1MHz 
Power Supply Current, 
C 
TTL input 
Icc 
- 
35 
mA 
Vcc=5.5V 
Active 
I,E 
TTL input 
Icc 
- 
45 
mA 
f= 1 MHz; 
OENpp= CE = VIL; 
10ut=OmA; 
VIL = -0.1 to 0.8V; 
VIH= 2.0 to V cc; 
Note (1) 


Power Supply Current, 
C 
TTL input 
Icc(SlTTL 
- 
2 
mA 


Standby 
I,E 
TTL input 
Icc(SlTTL 
- 
3 
mA 


C 
CMOS input 
ICC(SlCMOS - 
100 
j.lA 
CE = V cc ±O.2V 


" Parts: 
C = Commercial Temperature Range; I, E = Industrial and Extended Temperature Ranges 
Notes: 
(1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 


27C512 


READ OPERATION 
AC Testing Waveform: 
VIH= 2.4V and VIL = .45V; VOH= 2.0V and VOL = 0.8V 


AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 10nsec 
Ambient Temperature: 
Commercial: 
Tamb= 
0·Ct070·C 
Industrial: 
Tamb = -40·C to as·C 
Extended (Automotive): 
Tamb = -40'C to 125·C 


Parameter 
8ym 
27C512-90· 
27C512-10 
27C512-12 
27C512-15 
27C512·20 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 


Address to Output 
90 
100 
120 
150 
200 
- 
- 
tACe - 
- 
- 
- 
- 
ns 
CE = OENpp = VIL 
Delay 


CEto Output Delay 
90 
100 
120 
150 
200 
- 
tee 
- 
- 
- 
- 
- 
ns 
OENpp= 
VIL 


OE to Output Delay 
40 
40 
50 
60 
75 
- 
tOE - 
- 
- 
- 
- 
ns 
CE=VL 


OE to Output High 
tOFF 
0 
35 
0 
35 
0 
40 
0 
45 
0 
55 
ns 
Impedance 


Output Hold from 
tOH 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
ns 
Address, CE or 
OENpp, whichever 
occured first 


• -90 AC Testing Waveform: 
VIH = 2.4V and VL = .45V; VOH= 1.5V and VOL= 1.5V 
Output Load: 1 TTL Load + 30 pF 


READ WAVEFORMS 


VIH 
Address 
VIL 


VIH 
CE 
VL 


VIH 
OENpp 
VIL 


Outputs 
VOH 
HighZ 
00-07 
Va.. 


Notes: (1) tOFFis specified for OENpp or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOEafter the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 
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27C512 


PROGRAMMING 
Ambient Temperature: 25·C ±S·C 


DC Characteristics 
Vcc = 6.5V ± 0.25V, OEN pp = VH = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 
(See Note 1) 


Input Voltages 
Logic '1' 
VIH 
2.0 
VCC+1 
V 


Logic '0' 
VIL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
-10 
10 
IlA 
VIN= OVto Vcc 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 IlA 


Logic '0' 
Vo... 
- 
0.45 
V 
10...=2.1 mA 


Vcc Current, program 
& verify 
- 
ICC2 
- 
35 
mA 


OENpp Current, program 
- 
IpP2 
- 
25 
mA 
CE=VL 


A9 Product Identification 
- 
VIO 
11.5 
12.5 
V 


Note: (1) Vcc must be applied simultaneously or before the VPp voltage on OENpp and removed simultaneously 


or after the V ppvoltage on OENpP. 


PROGRAMMING 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; VOH= 2.0V; V 0...= 0.8V 
AC Characteristics 
Ambient Temperatur~ 
25"C ±S"C 
for Program, Program Verify 
Vcc = 6.5V ± 0.25V, OEN pp = VH = 13.0V ± 0.25V 
and Program Inhibit Modes 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
lIS 


Data Set-Up Time 
tDS 
2 
- 
lIS 


Data Hold Time 
tOH 
2 
- 
lIS 


Address Hold Time 
tAH 
0 
- 
lIS 


Float Delay (2) 
tOF 
0 
130 
ns 


Vcc Set-Up Time 
tves 
2 
- 
lIS 


Program Pulse Width (1) 
tPH 
95 
105 
lIS 
100 J.1Stypical 


CE Set-Up Time 
tCES 
2 
- 
lIS 


OE Set-Up Time 
tOES 
2 
- 
lIS 


OE Hold Time 
tOEH 
2 
- 
lIS 
- 
OE Recovery Time 
tOR 
2 
- 
lIS 
- 
OENpp Rise Time During Programming 
tPRT 
50 
- 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 l1s± 5%.3 is 100 lIS ±SOlo. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 


PROGRAMMING 
Waveforms 
(1) 


VIH 
Address 
VIL 


VIH 
Data 
VIL 


6.5 V (3) 
Vcc 
5.0V 


VIH 
CE 
VIL 


13.0 V (3) 
OENpp 
VII. 


tPRT 


27C512 


---~ 


Notes: 
(1) 
The input timing reference level is 0.8V for VIL and 2.0V for VIH. 
(2) 
tOFand tOEare characteristics of the device but must be accommodated by the programmer. 
(3) 
Vcc = 6.5V ±O.25V, V PP= VH = 13.0V ±O.5V for express programming algorithm. 


Operation Mode 
CE 
OENpp 
A9 
00-07 


Read 
VIL 
VL 
X 
Dour 
Program 
VIL 
VH 
X 
DIN 
Program Verify 
VIL 
VIL 
X 
Dour 
Program Inhibit 
VIH 
VH 
X 
HighZ 
Standby 
VIH 
X 
X 
HighZ 
Output Disable 
VL 
VIH 
X 
HighZ 
Identity 
VL 
VL 
VH 
Identity Code 
b) the OENpp pin is low to gate the data to the 
output pins. 


For Read operations, if the addresses are stable, the 
address access time (tAcc) is equal to the delay from CE 
to output (tCE). Data is transferred to the output after a 
delay (tOE)from the falling edge of OENpP. 
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The standby mode is defined when the CE pin is high 
and a program mode is not identified. 


When this condition is met, the supply current will drop 
from 35 mA to 100 llA. 


This multifunction pin eliminates bus connection in mul- 
tiple bus microprcessor systems and the outputs go to 
high impedance when: 


When a VH input is applied to this pin, it supplies the 
programming voltage (Vpp) to the device. 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all "1'sostate 
as a result of being exposed to ultraviolet light. 
To 


ensure complete erasure, a dose of 15watt-second/cm2 


is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,OO<lllW/cm2 
for approximately 20 minutes. 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. 
Up to 10 100-microsecond 
pulses are 


applied until the byte is verified. 
A flowchart of the 


Express algorithm is shown in Figure 1. 


a) Vcc is brought to the proper voltage, 
b) OE/Vpp is brought to the proper VH level, and 
c) CE line is low. 


Since the erased state is "1" in the array, programming 
of "0" is required. The address to be programmed is set 
via pins AO - A15 and the data to be programmed 
is 


presented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper 
level, 


b) the OE/Vpp pin is low, and 
c) the CE line is low. 


When programming 
multiple devices in parallel with 


different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low on a 
particular device, that device will be programmed; 
all 


other devices with CE held high will not be programmed 
with the data (although address and data will be avail- 
able on their input pins). 


In this mode specific data is output which identifies the 
manufacturer 
as Microchip Technology 
Inc and the 


device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OE/Vpp lines must 
be at VIL. AO is used to access any of the two non- 
erasable bytes whose data appears on 00 through 07. 


Pin--- 
Input 
Output 


Identity 
AO 
00 
0 
0 
0 
0 
0 
0 
H 
! 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 


Device Type" 
VIH 
0 
0 
0 
0 
1 
1 
0 
1 OD 


27C512 


Conditions: 


Tarrb = 2S"C ±S"C 
Vcc = 6.5 ±O.2SV 
VPp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc= 
6.SV 
VPp= 13.0V 
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To order or to obtain information. e.g .• on pricing or delivery. please use the listed part numbers. and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
27C512 ·90 
II P 


Package: 
J 
K 
L 
P 
SO 
TS 


Temperature 
Range: 
I 
E 


Access Time: 
90 
10 
12 
15 
20 


Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x20mm 


O'C t070'C 


-40'C to 85'C 
-4.0·C to 125'C 


90ns 
100 ns 
120 ns 
150 ns 
200 ns 


27C512A 


• High speed performance 


- 
70 ns access time available 


• CMOS Technology for low power consumption 


-2S 
mA Active current 


-30 
ItA Standby current 


• Factory programming available 
• Auto-insertion-eompatible 
plastic packages 


• Auto 10 aids automated programming 
• High speed express programming algorithm 


Organized 64K x 8: JEOEC standard pinouts 
-28-pin 
Oual-in-Iine package 


-32-pin 
Chip carrier (Ieadless or plastic) 


-28-pin 
SOIC package 


-28-pin 
TSOP package 


-28-pin 
VSOP package 


-Tape 
and reel 


Available for the following temperature ranges: 
-Commercial: 
O'C to 70'C 


-Industrial: 
-40'C to SS·C 
-Automotive: 
-40'C to 12S'C 
DESCRIPTION 


The Microchip Technology 
Inc. 27CS12A is a CMOS 


S12K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 64K words by 8 
bits (64K bytes). 
Accessing individual bytes from an 


address transition or from power-up (chip enable pin 
going low) is accomplished in less than 70 ns 
This very 


high speed device allows the most sophisticated micro- 
processors to run at full speed without the need for WAIT 
states. CMOS design and processing enables this part 
to be used in systems where reduced power consump- 
tion and high reliability are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. 
For surface mount appli- 


cations. PLCC or SOIC packaging is available. Tape or 
reel packaging 
is also available for PLCC or SOIC 


packages. 
UV erasable versions are also available. 


6E 
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\ 
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6 
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A9 
AS 
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vcc 
A15 
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AS 
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03 


14 
Vss 
13 
02 
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10 
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A1 
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PIN FUNCTION 
TABLE 


Name 
Function 


AO - A1S 
Address Inputs 
CE 
Chip Enable 
OE/Vpp 
Output Enable! 
Programming Voltage 
00-07 
Data Output 
Vcc 
+5V Power Supply 
Vss 
Ground 


I\C 
No Connection; No Internal 
Connection 
N..I 
Not Used; No External 
Connection Is Allowed 


Maximum 
Ratings· 


vcc and input voltages w.r.t. VSS 
-D.6V to +7.2SV 


Vpp voltage w.r.t. VSSduring 
programming 
-D.6V to +14.0V 


Voltage on A9 w.r.t. Vss 
-D.6V to +13.SV 


Output voltage w.r.t. Vss 
-0.6V to Vcc + 1.0V 


Storage temperature 
-6S'C to 1S0'C 
Ambient temp. with power applied 
-6S'C to 12S'C 


'Notice: 
Stresses above those listed under "Maximum Ratings' 


may cause permanent 
damage to the device. 
This is a stress 


rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification 
is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ 
OPERATION 
vcc = +5V ±10% 


DC Characteristics 
Commercial: 
Tamb= 
O'Cto 70'C 
Industrial: 
Tamb= -40"C to SS'C 
Extended (Automotive): 
Tamb= -40'C to 12S"C 


Parameter 
Part" 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
an 
Logic '1' 
VIH 
2.0 
Vcc+l 
V 
Logic '0' 
VL 
-D.S 
0.8 
V 
Input Leakage 
an 
- 
lu 
-10 
10 
j!A 
VIN=OtoVce 


Output Voltages 
all 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 j!A 
Logic '0' 
VOL 
0.45 
V 
IOL=2.1 mA 
Output Leakage 
all 
- 
ILO 
-10 
10 
j!A 
VOLrr= OVto Vcc 


Input Capacitance 
all 
- 
CIN 
- 
6 
pF 
VIN = OV;Tamb = 2S'C; 
f-l 
MHz 
Output Capacitance 
an 
- 
COJr 
- 
12 
pF 
VOLrr= OV; Tamb = 2S'C; 
f-1 
MHz 
Power Supply Current, 
C 
TTL input 
Ice 
- 
2S 
mA 
Vce=S.SV 
Active 
I,E 
TTL input 
Ice 
- 
35 
mA 
f= 1 MHz; 
OE/Vpp = CE = VIL; 
10ut=0 mA; 
VIL= -D.l to 0.8V; 
VIH= 2.0 to Vce; 
Note (1) 
Power Supply Current, 
C 
TTL input 
Icc(s)TIL 
1 
- 
mA 
Standby 
J,E 
TTL input 
Jce(S)TIL 
2 
- 
mA 
an 
CMOS input 
ICC(S)CMOS 
30 
- 
j!A 
CE = Vce ±O.2V 


" Parts: 
C = Commercial Temperature Range; I, E = Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 


READ OPERATION 
AC Testing Waveform: 
VIH = 2.4V and VIL= .4SV; VOH = 2.0V and VOl. = 0.8V 
Output Load: 
1 TTL Load + 100 pF 
AC Characteristics 
Input Rise and Fall Times: 
10 os 
Ambient Temperature: 
Commercial: 
Tamb= 
0"Ct070"C 
Industrial: 
Tamb = -40"C to 8S"C 
Extended (Automotive): 
Tamb = -40"C to 12S"C 


Parameter 
Sym 
27C512-70* 
27C512-90* 
27C512·10* 
27C512-12 
27C512-15 
Units 
Conditions 


Mil 
Max 
Mn 
Max 
Mn 
Max 
Mill 
Max 
Mn 
Max 


Address to Output 
lACC 
- 
70 
- 
00 
- 
100 
- 
120 - 
150 
ns 
~=~PP=VIL 
Delay 


CE to Output Delay 
ICE 
- 
70 
- 
00 
- 
100 
- 
120 - 
150 
ns 
OENpP=VIL 


DE to Output Delay 
tOE - 
:II - 
40 - 
40 
- 
S) 
- 
ro 
ns 
CE=VIL 


OEto 
Output High 
tOFF 
0 
:II 
0 
35 
0 
35 
0 
40 
0 
45 
ns 
Impedance 


Output Hold from 
tOH 
0 
0 
0 
- 
0 
- 
0 
- 
0 - 
ns 
Address, CE or 
OENpp, whichever 
occured first 


* -70190/10 AC Testing Waveform: 
VIH = 3.0V and VIL= OV; VOH= 1.SV and VOl. = l.SV 
Output Load: 
1 TTL Load + 30 pF 


READ WAVEFORMS 


VIH 
Address 
Address Valid 
VII. 
•• 


VIH 
CE 
VIL 


VIH 
OE 
VII. 


Outputs 
VOH 
HighZ 
00-07 
Valid Output 
VOL 


tACe 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE- tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 


PROGRAMMING 
Ambient Temperature: 25'C ±5'C 
DC Characteristics 
vcc = 6.5V ± 0.25V. OEN pp = VH = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 
(See Note 1) 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vcc+1 
V 


Logic '0' 
VL 
-0.1 
0.8 
V 


Input Leakage 
- 
lu 
·10 
10 
1IA 
VIN = OVto Vcc 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 1IA 


Logic '0' 
Vr:A. 
- 
0.45 
V 
1r:A.=2.1 mA 


Vcc Current, program 
and verify 
- 
ICC2 
- 
35 
mA 
CE=VL 


OEN pp Current, program 
- 
IpP2 
- 
25 
mA 


A9 Product Identification 
- 
VID 
11.5 
12.5 
V 


Note: (1) V cc must be applied simultaneously or before the VPPvoltage on OENpp and removed simultaneously 
or after the V pp voltage on OENpP. 


PROGRAMMING 
ACTesting Waveform: 
VIH= 2.4V and VIL = O.45V; VOH= 2.0V; VOL= 0.8V 
AC Characteristics 
Ambient Temperatur~25'C 
±5'C 


for Program, Program Verify 
Vcc = 6.5V ± 0.25V, OEN PP= VH = 13.0V ± 0.25V 


and Program Inhibit Modes 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address set-Up Time 
vs 
2 
- 
lIS 


Data set-Up Time 
tDS 
2 
- 
lIS 


Data Hold Time 
tDH 
2 
- 
lIS 


Address Hold Time 
tAH 
0 
- 
lIS 


Float Delay (2) 
tOF 
0 
130 
ns 


Vcc set-Up Time 
tves 
2 
- 
lIS 


Program Pulse Width (1) 
tPW 
95 
105 
lIS 
100 I1S typical 


CE set-Up Time 
tCES 
2 
- 
lIS 
-OE set-Up Time 
tOES 
2 
- 
lIS 


OEHoidTime 
tOEH 
2 
- 
lIS 


OE Recovery Time 
tOR 
2 
- 
lIS 


OENpp Rise Time During Programming 
tPRT 
50 
- 
ns 


Notes: 
(1) For express algorithm, initial programming width tolerance is 100 I1S ± 5%. 
(2) This parameter is only sampled and not 100% tested. 
Output float is defined as the point where data 
is no longer driven (see timing diagram). 


VIH 


Address 
VII.. 


VIH 


Data 
VII.. 


6.5 V (3) 


Vce 
5.0V 


VIH 
tves 


CE 
VII.. 


OENpp 
13.0 V (3) 


VII.. 


tPRT 
---~ 


Notes: 
(1) 
The 
input timing 
reference 
level is 0.8V for VIL and 2.0V 
for V1H. 
(2) 
teF and tOE are characteristics 
of the device 
but must 
be accommodated 
by the programmer. 
(3) 
Vcc = 6.5V 
±Q.25V. 
V PP= V H = 13.0V ±Q.5V for express 
programming 
algorithm 
. 


Operation Mode 
CE 
OENPf' 
A9 
00-07 


Read 
VII.. 
VII.. 
X 
Dour 


Program 
VII.. 
VH 
X 
1m 


Program VerlIy 
VII.. 
VII.. 
X 
Dour 


Program Inhlbn 
VIH 
VH 
X 
High Z 


Standby 
VIH 
X 
X 
High Z 


OUtput Disable 
VII.. 
VIH 
X 
HighZ 


Idenli1y 
VII.. 
VII.. 
VH 
Identity Code 
b) 
the OENpp 
pin is low to gate the data to the 


output 
pins. 


For 
Read 
operations, 
if the 
addresses 
are stable, 
the 


address 
access 
time (lAce) is equal to the delay 
from CE 


to output 
(teE). 
Data is transferred 
to the output 
after 
a 


delay 
(tOE) from 
the falling 
edge 
of OENpP. 


• 


The standby mode is defined when the CE pin is high 
and a program mode is not identified. 


When this condition is met, the supply current will drop 
from 25 mA to 30 ItA. 


This multifunction pin eliminates bus connection in mul- 
tiple bus microprocessor systems and the outputs go to 
high impedance when: 


When a VH input is applied to this pin, it supplies the 
programming voltage (Vpp) to the device. 


Windowed products offerthe ability to erase the memory 
array. The memory matrix is erased to the all'l 
'sostate 
as a result of being exposed to ultraviolet light. 
To 
ensure complete erasure, a dose of 15 watt-second/cm2 


is required. This means that the device window must be 
placed within one inch and directly undemeath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000 mW/cm2 for apprOXimately 40 minutes. 


The Express algorithm must be used for best results. It 
has been developed to improve programming yields and 
throughput times in a production environment. 
Up to 10 
100-microsecond 
pulses are applied until the byte is 
verified. A flowchart of the Express algorithm is shown 
in Figure 1. 


a) Vcc is brought to the proper voltage, 
b) OE/Vpp is brought to the proper VH level, and 
c) CE line is low. 


Since the erased state is "1' in the array, programming 
of "0' is required. The address to be programmed is set 
via pins AO - A15 and the data to be programmed 
is 
presented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) vcc is at the proper 
level, 
b) the OENpp pin is low, and 
c) the CE line is low. 


When programming 
multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the ~ 
line low on a 
particular device, that device will be programmed; 
all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail- 
able on their input pins). 


In this mode specific data is output which identifies the 
manufacturer 
as Microchip Technology 
Inc. and the 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OE/Vpp lines must 
be at VIL. AO is used to access any of the two non- 
erasable bytes whose data appears on 00 through 07. 


Pln-- 
Input 
Output 


Identity 
AO 
0 
0 
0 
0 
0 
0 
0 
0 
H 
! 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type" 
VIH 
1 
0 
0 
0 
1 
1 
0 
0 
00 


Conditions: 
Tanb = 2S"C ±5"C 
Vcc = 6.5 ±O.2SV 
VPp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc= 
6.SV 
VPp= 
13.0V 


•• 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27C512A -70 
II P 


Package: 
J 
K 
L 
P 
SO 
TS 
VS 


Temperature 
Range: 
I 
E 


Access 
Time: 
70 
90 
10 
12 
15 


cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 


O'C t070'C 


-40'C 
to as'C 


-40'C 
to 125'C 


70ns 
OOns 
100 ns 
120 ns 
150 ns 


MICROCHIP 
27LV512 


SI2K (64K X 8) Low Voltage CMOS EPROM 


• Wide voltage range 3.0V to 5.5V 
• High speed perfonnance 
- 
200 ns access time available at 3.0V 
CMOS Technology for low power consumption 
-12 
mA Active current at 3.0V 
- 
35 mA Active current at 5.5V 
- 
100 !LAStandby current 


• 
Factory programming available 


• Auto-insertion-eompatible 
plastic packages 
• Auto IDTMaids automated programming 
• Separate chip enable and output enable controls 
• 
High speed 'Express' 
programming algorithm 
• Organized 64K x 8: JEDEC standard pinouts 
- 
28-pin Dual-in-line package 
- 
32-pin PLCC package 
- 
28-pin SOIC package 
- 
28-pin TSOP package 
- 
28-pin VSOP package 
- 
Tape and reel 
• Available for the following temperature ranges: 


- 
Commercial: O'C to 70'C 
- 
Industrial: -40'C to 85'C 


The Microchip Technology Inc. 27LV512 is a low-volt- 
age (3.0 volt) CMOS 
EPROM designed 
for battery 
powered applications. The device is organized as a 64K 
x 8 (64K-Byte) 
non-volatile 
memory 
product. 
The 
27LV512 consumes only 12 mA maximum of active 
current during a 3.0 volt read operation therefore im- 
proving battery perfonnance. 
This device is designed 
for very low-voltage applications where conventional 5.0 
volt only EPROMs can not be used. 
Accessing indi- 
vidual bytes from an address transition or from power-up 
(chip enable pin going low) is accomplished in less than 
200 ns at 3.0 volts. This device allows systems design- 
ers the ability to use low voltage non-volatile memory 
with today's low-voltage microprocessors and peripher- 
als in battery powered applications. 


A complete family of packages is offered to provide the 
most flexibility in applications. 
For surface mount appli- 
cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. 
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PIN FUNCTION 
TABLE 


Name 
Function 


AO - A1S 
Address Inputs 
CE 
Chip Enable 
OENpp 
Output Enable! 
Programming Voltage 
00-07 
Data Output 
Vcc 
+3.0V To +S.SV Power Supply 
Vss 
Ground 
I'C 
No Connection; No Internal 
Connection 
f\lJ 
Not Used; No External 
Connection Is Allowed 


Maximum 
Ratings· 


VCCand input voltages w.r.t. Vss 
-o.6V to +7.2SV 


Vpp voltage w.r.t. VSSduring 
programming 
-o.6V to +14.0V 


Voltage on A9 w.r.t. Vss 
-o.6V to +13.5V 


Output voltage w.r.t. Vss 
-o.6V to Vcc + 1.0V 


Storage temperature 
-6S'C to lS0'C 
Ambient temp. with power applied 
-6S'C to 12S'C 


'Notice: 
Stresses above those listed under "Maximum Ratings' 


may cause permanent damage to the device. 
This is a stress 


rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


READ 
OPERATION 
Vcc = 3.0V to S.SV unless otherwise specified 


DC Characteristics 
Commercial: 
Tamb= 
0'Ct070'C 
Industrial: 
Tamb = -40°C to 85°C 


Parameter 
Part" 
Status 
Symbol 
Mln 
Max 
Units 
Conditions 


Input Voltages 
aI 
Logic '1' 
VIH 
2.0 
Vcc+l 
V 
Logic '0' 
Va.. 
-0.5 
0.8 
V 
Input Leakage 
aD 
lu 
-10 
10 
IJA 
VIN - Oto Vcc 


Output Voltages 
aI 
Logic '1' 
VOH 
2.4 
V 
IOH= -400 IJA 
Logic '0' 
VOL 
0.45 
V 
IOL=2.1 mA 
Output Leakage 
aD 
- 
ILO 
·10 
10 
IJA 
VOlJT= OVto Vcc 


Input Capacitance 
aI 
- 
CIN 
- 
6 
pF 
VIN = OV;Tamb = 2S'C; 
f= 1 MHz 
Output Capacitance 
aI 
- 
COlJT 
- 
12 
pF 
VOlJT= OV; Tamb= 2S' C; 
f= 1 MHz 
Power Supply Current, 
C 
TILinput 
Icc1 
- 
35 @ 5.0V 
mA 
Vcc=S.5V 
Active 
12 @ 3.0V 
mA 
f= 1 MHz; 


I 
TILinput 
Icc2 
- 
4S @ 5.0V 
mA 
OENpp= 
CE = VIL; 


12 @ 3.0V 
mA 
lout = OmA; 
VIL= -0.1 to 0.8V; 
VIH= 2.0 to V cc; 
Note (1) 
Power Supply Current, 
C 
TILinput 
Icc(s)TTL 
- 
1 @ 3.0V 
mA 
Standby 
I 
TILinput 
lCC(s)TTL 
- 
2 @3.0V 
mA 
aI 
CMOS input 
ICC(SlCMOS - 
100 @ 3.0V 
IJA 
CE = Vcc ±O.2V 


" Parts: 
C = Commercial Temperature Range; I = Industrial Temperature Range 
Note: 
(1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 


READ 
OPERATION 
AC Testing Waveform: 
VIH= 2.4V and VIL = 0.45V; VOH= 2.0V VOL =0.8V 


AC Characteristics 
Output Load: 
1 TTL Load + 100 pF 
Input Rise and Fall Times: 
10 ns 
Ambient Temperature: 
Commercial: 
Tamb = O·C to 70·C 
Industrial: 
Tamb = -40·C to as·C 


Parameter 
Sym 
27LV512-20 
27LV512-25 
27LV512-30 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 
- 
- 
Address to Output Delay 
tACe 
- 
200 
- 
250 
- 
300 
ns 
CE=OE=VIL 


CE to Output Delay 
- 
tCE 
- 
200 
- 
250 
- 
300 
ns 
OE=VIL 
-OE to Output Delay 
tOE 
- 
90 
- 
100 
- 
125 
ns 
CE=VL 


CE or OE to O/P High 
tOFF 
0 
50 
0 
50 
0 
50 
ns 
Impedance 


Output Hold fro!!!- 
tOH 
0 
- 
0 
- 
0 
- 
ns 
Address CE or OE, 
whichever goes first 


VIH 
Address 
VIL 


VIH 
CE 
VIL 


VIH 
OE/Vpp 
VIL 


Outputs 
VOH 
HighZ 
00 -07 
VOL 


Notes: (1) tOFFis specified for OE/Vpp or CE, whichever occurs first 
(2) OE may be delayed up to tCE - tOE after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING 
Ambient Temperature: 25" C ±So C 


DC Characteristics 
Vee = 6.5V ± 0.25V, OENpp = VH = 13.0V ± 0.25V 


Parameter 
Status 
Symbol 
Min 
Max 
Units 
Conditions 
(See Note 1) 


Input Voltages 
Logic '1' 
VIH 
2.0 
Vcc+l 
V 


Logic '0' 
VIL 
-0.1 
0.8 
V 


Input Current (all inputs) 
- 
IL 
-10 
10 
IlA 
VIN= OVto Vcc 


Output Voltages 
Logic '1' 
VOH 
2.4 
V 
IOH= -4OO1lA 


Logic '0' 
VOl.. 
- 
0.45 
V 
10l..=2.1mA 


VCCCurrent, program 
& verify 
- 
lee2 
- 
35 
mA 


OEN pp Current, program 
- 
IpP2 
- 
25 
mA 
CE=VL 


A9 Product Identification 
- 
VIO 
11.5 
12.5 
V 


Note: (1) Vee must be applied simultaneously or before the Vpp voltage on OENpp and removed simultaneously 


or after the V ppvoltage on OENpP. 


PROGRAMMING 
AC Testing Waveform: 
V,H= 2.4V and VIL = 0.45V; V OH= 2.0V; VOl..= 0.8V 
AC Characteristics 
Ambient Temperature: 
25"C ±5"C 
for Program, Program Verify 
Vee = 6.5V ± 0.25V, OEN pp = VH = 13.0V ± 0.25V 
and Program Inhibit Modes 


Parameter 
Symbol 
Mln 
Max 
Units 
Remarks 


Address Set-Up Time 
tAS 
2 
- 
J.IS 


Data Set-Up Time 
too 
2 
- 
J.IS 


Data Hold Time 
tOH 
2 
- 
J.IS 


Address Hold Time 
tN-i 
0 
- 
J.IS 


Float Delay (2) 
tDF 
0 
130 
ns 


Vee Set-Up Time 
tvcs 
2 
- 
J.IS 


Program Pulse Width (1) 
tPW 
95 
105 
J.IS 
100 J.Lstypical 


CE Set-Up Time 
teES 
2 
- 
J.IS 


OE Set-Up Time 
tOES 
2 
- 
J.IS 


OE Hold Time 
tOEH 
2 
- 
J.IS 
- 
OE Recovery Time 
tOR 
2 
- 
J.IS 
- 
OENpp Rise Time During Programming 
tPRT 
50 
- 
ns 


Notes: 
(1) For Express algorithm, initial programming width tolerance is 100 J.Ls± 5%. 
(2) This parameter is only sampled and not 100% tested. 
Output float is defined as the point where 
data is no longer driven (see timing diagram). 


READ 
WAVEFORMS 


Program 


VIH 
Address 
VII. 


VIH 


Data 


VIL 


6.5 V (3) 


Vcc 
5.0V 


VIH 
CE 
VIL 


13.0V 
(3) 
OENpp 


VIL 


tPRT 
---~ 


Notes: 
(1) 
The input timing 
reference 
level 
is O.8V for VIL and 2.0V 
for VlH. 
(2) 
toF and tOE are characteristics 
of the device 
but must 
be accommodated 
by the programmer 
. 


(3) 
Vcc = 6.5V ±O.25V, 
Vpp = VH = 13.0V 
±O.25V 
for express 
programming 
algorithm. 


Operation Mode 
CE 
OENpp 
A9 
00-07 


Read 
VIL 
VIL 
X 
Dour 
Program 
VIL 
VH 
X 
DIN 
Program Verify 
VIL 
VIL 
X 
Dour 
Program Inhibn 
VIH 
VH 
X 
HighZ 
Standby 
VIH 
X 
X 
HighZ 
Output Disable 
VL 
VIH 
X 
HighZ 
Identity 
VL 
VL 
VH 
Identify Code 
b) 
the OENpp 
pin is low to gate the data to the 


output 
pins. 


For Read 
operations, 
if the 
addresses 
are stable, 
the 


address 
access 
time (lAcc) 
is equal to the delay from CE 


to output 
(tCE). 
Data 
is transferred 
to the output 
after 
a 


delay 
(tOE) from 
the falling 
edge 
of OENpP. 
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The standby mode is defined when the CE pin is high 
and a program mode is not identified. 


This multifunction 
pin eliminates 
bus contention 
in 
microprocessor 
based systems in which multiple de- 
vices may drive the bus. The outputs go into a high 
impedance 
state when: 


When a VH input is applied to this pin, it supplies the 
programming voltage (Vpp) to the device. 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. 
Up to ten 100-microsecond 
pulses are 
applied until the byte is verified. 
A flowchart of the 
Express algorithm is shown in Figure 1. 


a) vcc is brought to the proper voltage, 
b) OENpp is brought to the proper VH level, and 
c) CE line is low. 


Since the erased state is "1" in the array, programming 
of "0" is required. The address to be programmed is set 
via pins AO - A 15 and the data to be programmed 
is 
presented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper 
level, 
b) the OENpp pin is low, and 
c) the CE line is low. 


When programming 
multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low on a 
particular device, that device will be programmed; 
all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail- 
able on their input pins). 


In this mode specific data is output which identifies the 
manufacturer 
as Microchip Technology 
lnc and the 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OENpp lines must 
be at VIL 
AO is used to access any of the two non- 
erasable bytes whose data appears on 00 through 07. 


Pin-- 
Input 
Output 


Identity 
AO 
0 
0 
0 
0 
0 
0 
0 
0 
H 
i 


7 
6 
5 
4 
3 
2 
1 
0 
e 
x 


Manufacturer 
VIL 
0 
0 
1 
0 
1 
0 
0 
1 
29 
Device Type" 
VIH 
0 
0 
0 
0 
1 
1 
0 
1 
DO 


Conditions: 


Tamil = 2S"C ±5"C 
Vcc = 6.S ±O.2SV 
Vpp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc=6.SV 
Vpp= 13.0V 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27LV512 
- 25 
1/ P~-~' 


L 
Plastic Leaded Chip Carrier 
P 
Plastic DIP 
SO 
Plastic SOIC 
J 
Ceramic DIP 
K 
Ceramic Leadless Chip Carrier 
TS 
Thin Small Outline Package (TSOP) 8x20mm 
VS 
Very Small Outline Package (VSOP) 8x13.4mm 


Temperature 
Range: 
O·C to70·C 


-40·C to as·C 


Access Time: 
20 
25 
30 


200 ns 
250 ns 
300 ns 


37LV36/65/128 


36K164K1128K Serial EPROM Family 


• Operationally equivalent to Xilinx XC1700 family 
• Wide voltage range 3.0V to 6.0V 
• Maximum read current 10 mA at 5.0 V 
• Standby current 100 IIA typical 
• Industry standard Synchronous Serial Interface 11 


bit per rising edge of clock 


• Full Static Operation 
• Sequential Read/Program 
• Cascadable Output Enable 
• 10 MHz Maximum Clock Rate @ 5.0 Vdc 
• Programmable Polarity on Hardware Reset 
• Programming with industry standard EPROM 
programmers 


• Electrostatic discharge protection> 
2000 volts 


• 8-pin PDIP/SOIC and 20-pin PLCC packages 
• Temperature ranges: 
- Commercial: 
O°Cto +70°C 


- Industrial: 
-40°C to +85°C 


DATA08 
Vcc 


CLK 
2 
7 
Vpp 


RESET!OE 
3 
6 
CEO 


CE 
4 
5 
Vss 


DATA08 
Vcc 
CLK 
2 
7 
Vpp 


RESETIOE 
3 
6 
CEO 


CE 
4 
5 
Vss 


The Microchip Technology 
Inc. 37LV361651128 is a 


family of Serial OTP EPROM devices organized inter- 
nally in a x32 configuration. 
The family also features a 


cascadable option for increased memory storage where 
needed. 
They are suitable for many applications 
in 
which look-up table information storage is desirable and 
provide full static operation in the 3.0V to 6.0V Vcc 
range. The devices also support the industry standard 
serial interface to popular RAM-based Field Program- 
mable Gate Arrays (FPGA). Advanced CMOS technol- 
ogy makes this an ideal bootstrap solution for today's 
high speed RAM based FPGAs. 
The 37LV361651128 
family is available inthe standard 8-pin plastic DIP, 8-pin 
SOIC and 20-pin PLCC packages. 


DEVICE 
BITS 
PROGRAMMING 
WORD 


37LV36 
36,288 
1134X32 


37LV65 
65,536 
2048 x 32 


37LV128 
131,072 
4096 x 32 


ADDRESS 
Counter 
EPROM 
ARRAY 


1P1f'®~~m~Il1l8\If'Y 


7-83 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


37LVXXX 


TEMPERATURE 
Blank 
RANGE: 
I 


SHIPPING: 
Blank 
T 


DEVICE: 
37LV128 
37LV65 
37LV36 


Plastic DIP, 8 lead 
Plastic SOIC (150 mil Body), 8 lead 
Plastic Leaded Chip Carrier (PLCC), 20 lead 


O°C to +70°C 
-40°C to +85°C 


Tube 
Tape and Reel 


128K Serial EPROM 
64K Serial EPROM 
36K Serial EPROM 


MICROCHIP 
EPROM 


The purpose of this document is to provide a quick way 
to determine which EPROM parts are mechanical and 
electrical equivalents to Microchip devices. 
There is 
also a listing of manufacturer's part numbering schemes 
to assist in determining the specifications of a particular 
part. 
The cross reference section is broken down by 
manufacturer and lists all parts from that manufacturer, 
and the plug compatible Microchip part number. 


The one exception to plug compatibility 
listed in this 
cross-reference 
concems the 28 pin SOIC package. 


Microchip, along with other manufacturers, make this 
part in a .300' (JEDEC Standard) width. There are other 
manufacturers that produce this device in a .330' (EIAJ 
Standard) wide package. In many cases, the PCB can 
be laid out to accommodate both versions. The devices 
that are offered in the .330' package are listed in this 
reference with an asterisk. 


Microchip provides a wide selection of EPROM devices, 
both from a density and a packaging standpoint. 
If you 
are interested in a part that is not listed in this book, 
please refer to the Microchip data book, or contact your 
local distributor or sales representative for assistance. 


Legend: 


AMD" 
T.I. 
SGS 
Inte~ 
Toshiba" 
Nationa~ 
Hitachi" 
Atme~ 


Advanced Micro Devices 
Texas Instruments 
ST" SGS-Thomson 
Intel Corporation 
Toshiba Corporation 
National Semiconductor- 
Corporation 
Hitachi Corporation 
Atmel Corporation 


The information 
contained 
in this publication 
regarding com· 
petitor 
devices 
was obtained 
from the respective 
EPROM 
manufacturer's 
latest available published technical information 
and may be subject to updates 


AMD is a registered trademark of Advanced Micro Devices. 


ST is a registered trademark 
of SGS-Thomson. 


Intel is a registered trademark 
of Intel Corporation. 


Toshiba is a registered trademark of Toshiba Corporation. 


National 
and National 
semiconductor 
are registered 
trade- 


marks of National Semiconductor 
Corporation. 


Hitachi 
is a registered trademark of Hitachi Corporation. 


Atmel is a registered trademark 
of Atmel Corporation. 
All other trademarks 
mentioned 
herein are property 
of their 
respective companies. 
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HITACHI 
DESCRIPTION 
MICROCHIP 
PIN 


HN27C256AG-l0 
UV 256K EPROM,l OONS 
CERDIP28 
27C256-101J 
HN27C256HP-l0 
OTP 256K EPROM,l00NS 
PDIP28 
27C256-101P 
HN27C256Fp·l0r 
OTP 256K EPROM,l OONS 
SOlC28 
27C256-101S0 
HN27C256AG-12 
UV 256K EPROM,120NS 
CERDIP 28 
27C256-121J 
HN27C256AG·15 
UV 256K EPROM,l50NS 
CERDIP 28 
27C256-151J 
HN27C256Fp·25T/-30T· 
OTP 256K EPROM,200NS 
SOlC28 
27C256-201S0 
HN27512G·25/·30 
UV 512K EPROM,200NS 
CERDIP 28 
27C512-20/J 
HN27512P-251-30 
OTP 512K EPROM,200NS 
PDIP28 
27C512·201P 
HN27C256HG-70/-85 
UV 256K HS EPROM,70NS 
CERDIP28 
27HC256-701J 
HN27C256Hp·701·85 
OTP 256K HS EPROM,70NS 
PDIP28 
27HC256-701P 
HN27C256HFP-85r 
OTP 256K HS EPROM,70NS 
SOlC28 
27HC256-701S0 


AMD 
DESCRIPTION 
MICROCHIP 
PIN 
Am27C64-120DC 
UV 64K EPROM,12ONS 
CERDIP28 
27C64-121J 
Am27C64-120LC 
UV 64K EPROM,12ONS 
LCC 32 
27C64-12IK 
Am27C64·12OJC 
OTP 64K EPROM,120NS 
PLCC 32 
27C64-12IL 
Am27C64-120PC 
OTP 64K EPROM,120NS 
PDIP28 
27C64-12IP 
Am27C64-150DC 
UV 64K EPROM,150NS 
CERDIP28 
27C64-15/J 
Am27C64·150LC 
UV 64K EPROM,150NS 
LCC 32 
27C64-15IK 
Am27C64·150JC 
OTP 64K EPROM,l50NS 
PLCC 32 
27C64-15IL 
Am27C64-150PC 
OTP 64K EPROM,l50NS 
PDIP28 
27C64-15IP 
Am27C64-200DC 
UV 64K EPROM,200NS 
CERDIP 28 
27C64-20/J 
Am27C64-200LC 
UV 64K EPROM,2OONS 
LCC 32 
27C64-201K 
Am27C64-200JC 
OTP 64K EPROM,200NS 
PLCC 32 
27C64-201L 
Am27C64-200PC 
OTP 64K EPROM,200NS 
PDIP28 
27C64-201P 
Am27C64-250DC 
UV 64K EPROM,250NS 
CERDIP 28 
27C64-25/J 
Am27C64-250LC 
UV 64K EPROM,250NS 
LCC32 
27C64·25IK 
Am27C64-250JC 
OTP 64K EPROM,250NS 
PLCC 32 
27C64-25IL 
Am27C64-250PC 
OTP 64K EPROM,250NS 
PDIP28 
27C64·25IP 
Am27C64-120DI 
UV 64K EPROM,120NS,IND 
CERDIP 28 
27C64-12UJ 
Am27C64-150DI 
UV 64K EPROM,15ONS,IND 
CERDIP 28 
27C64-15UJ 
Am27C64-150LI 
UV 64K EPROM,15ONS,IND 
LCC 32 
27C64-15UK 
Am27C64-150JI 
OTP 64K EPROM,150NS,IND 
PLCC 32 
27C64-15UL 
Am27C64-150PI 
OTP 64K EPROM,l50NS,IND 
PDIP28 
27C64-15UP 
Am27C64-200DI 
UV 64K EPROM,200NS,IND 
CERDIP 28 
27C64-20UJ 
Am27C64-200Ll 
UV 64K EPROM,200NS,IND 
LCC 32 
27C64-20UK 
Am27C64-200JI 
OTP 64K EPROM,200NS,IND 
PLCC 32 
27C64-20UL 
Am27C64-200PI 
OTP 64K EPROM,200NS,IND 
PDIP28 
27C64·20UP 
Am27C64-250DI 
UV 64K EPROM,250NS,IND 
CERDIP28 
27C64-25UJ 
Am27C64-250LI 
UV 64K EPROM,25ONS,IND 
LCC 32 
27C64-25UK 
Am27C64-250JI 
OTP 64K EPROM,250NS,IND 
PLCC 32 
27C64-25UL 
Am27C64-250PI 
OTP 64K EPROM,250NS,IND 
PDIP28 
27C64-25UP 
Am27C128-120DC 
UV 128K EPROM,120NS 
CERDIP28 
27C128-121J 
Am27C128-120LC 
UV 128K EPROM,120NS 
LCC 32 
27C128-12IK 
Am27C128-12OJC 
OTP 128K EPROM,120NS 
PLCC 32 
27C128-12IL 
Am27C128-120PC 
OTP 128K EPROM,120NS 
PDIP28 
27C128-12IP 
Am27C128-150DC 
UV 128K EPROM,l50NS 
CERDIP28 
27C128-151J 
Am27C128-150LC 
UV 128K EPROM,l50NS 
LCC32 
27C128-151K 
Am27C128-15OJC 
OTP 128K EPROM,l50NS 
PLCC 32 
27C128-151L 
Am27C128-150PC 
OTP 128K EPROM,l50NS 
PDIP28 
27C128-151P 
Am27C128-200DC 
UV 128K EPROM,200NS 
CERDIP28 
27C128-201J 
Am27C128-200LC 
UV 128K EPROM,200NS 
LCC 32 
27C128-201K 
Am27C128-20OJC 
OTP 128K EPROM,200NS 
PLCC32 
27C128-201L 
Am27C128-200PC 
OTP 128K EPROM,200NS 
PDIP28 
27C128-201P 
Am27C128-250DC 
UV 128K EPROM,250NS 
CERDIP28 
27C128-25/J 
Am27C128-250LC 
UV 128K EPROM,250NS 
LCC 32 
27C128-251K 
Am27C128-25OJC 
OTP 128K EPROM,250NS 
PLCC32 
27C128-251L 
Am27C128-250PC 
OTP 128K EPROM,250NS 
PDIP28 
27C128-251P 
Am27C128-120DI 
UV 128K EPROM,120NS,IND 
CERDIP 28 
27C128-12UJ 
Am27C128-150DI 
UV 128K EPROM,l50NS,IND 
CERDIP28 
27C128-15UJ 
Am27C128-150Ll 
UV 128K EPROM,l50NS,IND 
LCC 32 
27C128-15UK 
Am27C128-15OJI 
OTP 128K EPROM,150NS,IND 
PLCC 32 
27C128-15UL 
Am27C128-150PI 
OTP 128K EPROM,l50NS,IND 
PDIP28 
27C128-15UP 
Am27C128·200DI 
UV 128K EPROM,200NS,IND 
CERDIP 28 
27C128-20UJ 
Am27C128·200Ll 
UV 128K EPROM,200NS,IND 
LCC 32 
27C128-20UK 


AMD(Cont.) 
DESCRIPTION 
MICROCHIP PIN 


Am27C128-2OOJ1 
OTP l28K 
EPROM,2ooNS,IND 
PLCC32 
27C128-2OUL 
Am27C128-200PI 
OTP l28K 
EPROM,2ooNS,IND 
PDIP28 
27C128-2011P 
Am27C128-250DI 
UV l28K 
EPROM,2ooNS,IND 
CERDIP28 
27C128-25VJ 
Am27C128-250Ll 
UV l28K 
EPROM,2ooNS,IND 
LCC32 
27C128-25VK 
Am27C128-25OJI 
OTP l28K 
EPROM,2ooNS,IND 
PLCC 32 
27C128-25VL 
Am27C128-250PI 
OTP l28K 
EPROM,2ooNS,IND 
PDIP 28 
27C128-2511P 
Am27C256-90DC 
UV 256K EPROM,90NS 
CERDIP 28 
27C256-90/J 
Am27C256-90LC 
OTP 256K EPROM,90NS 
PLCC 32 
27C256-9OIL 
Am27C256-90JC 
OTP 256K EPROM,90NS 
PDIP28 
27C256-9OIP 
Am27C256-90PC 
OTP 256K EPROM,90NS 
SOlC28 
27C256-9OISO 
Am27C256-1ooDC 
UV 256K EPROM,l ooNS 
CERDIP 28 
27C256-101J 
Am27C256-lOOLC 
UV 256K EPROM,l ooNS 
LCC 32 
27C256-101K 
Am27C256-l00JC 
OTP 256K EPROM,looNS 
PLCC32 
27C256-101l 
Am27C256-looPC 
OTP 256K EPROM,lOONS 
PDIP28 
27C256-101P 
Am27C256-l20DC 
UV 256K EPROM,120NS 
CERDIP28 
27C256-121J 
Am27C256-l20LC 
UV 256K EPROM,120NS 
LCC32 
27C256-12IK 
Am27C256-l20JC 
OTP 256K EPROM,120NS 
PLCC 32 
27C256-1211.. 


Am27C256-l20PC 
OTP 256K EPROM,120NS 
PDIP28 
27C256-12IP 
Am27C256-150DC 
UV 256K EPROM, lOONS 
CERDIP 28 
27C256-151J 
Am27C256-150LC 
UV 256K EPROM, lOONS 
LCC 32 
27C256-15IK 
Am27C256-15OJC 
OTP 256K EPROM, lOONS 
PLCC 32 
27C256-15IL 
Am27C256-l50PC 
OTP 256K EPROM,looNS 
PDIP28 
27C256-15IP 
Am27C256-2ooDC 
UV 256K EPROM,2ooNS 
CERDIP 28 
27C256-201J 
Am27C256-2ooLC 
UV 256K EPROM,2ooNS 
LCC 32 
27C256-2OIK 
Am27C256-200JC 
OTP 256K EPROM,2ooNS 
PLCC32 
27C256-201l 
Am27C256-2ooPC 
OTP 256K EPROM,2ooNS 
PDIP28 
27C256-2OIP 
Am27C256-looDI 
UV 256K EPROM,lOONS,IND 
CERDIP28 
27C256-10VJ 
Am27C256-looLi 
UV 256K EPROM,looNS,IND 
LCC 32 
27C256-10VK 
Am27C256-l00J1 
OTP 256K EPROM,looNS,IND 
PLCC32 
27C256-1OUL 
Am27C256-looPI 
OTP 256K EPROM,lOONS,IND 
PDIP28 
27C256-1011P 
Am27C256-l20DI 
UV 256K EPROM,120NS,IND 
CERDIP28 
27C256-12VJ 
Am27C256-l20Ll 
UV 256K EPROM,120NS,IND 
LCC32 
27C256-12VK 
Am27C256-l20J1 
OTP 256K EPROM,120NS,IND 
PLCC 32 
27C256-12VL 
Am27C256-l20PI 
OTP 256K EPROM,120NS,IND 
PDIP28 
27C256-1211P 
Am27C256-l50DI 
UV 256K EPROM,looNS,IND 
CERDIP28 
27C256-15VJ 
Am27C256-l50Ll 
UV 256K EPROM,looNS,IND 
LCC 32 
27C256-15VK 
Am27C256-l50JI 
OTP 256K EPROM,150NS,IND 
PLCC 32 
27C256-15VL 
Am27C256-l50PI 
OTP 256K EPROM,150NS,IND 
PDIP28 
27C256-1511P 
Am27C256-200DI 
UV 256K EPROM,2ooNS,IND 
CERDIP28 
27C256-20VJ 
Am27C256-2ooLi 
UV 256K EPROM,2ooNS,IND 
LCC 32 
27C256-20VK 
Am27C256-2OOJ1 
OTP 256K EPROM,2ooNS,IND 
PLCC32 
27C256-2OUL 
Am27C256-200PI 
OTP 256K EPROM,2ooNS,IND 
PDIP28 
27C256-2011P 
Am27C512-90DC 
UV 5l2K 
EPROM,90NS 
CERDIP28 
27C512-9OIJ 
Am27C512-90LC 
UV 5l2K 
EPROM,OONS 
LCC32 
27C512-9OIK 
Am27C5l2-9OJC 
OTP 512K EPROM,90NS 
PLCC 32 
27C512-9OIL 
Am27C5l2-90PC 
OTP 512K EPROM,90NS 
PDIP28 
27C512-9OIP 
Am27C5l2-l20DC 
UV 512K EPROM,120NS 
CERDIP28 
27C512-121J 
Am27C5l2-l20LC 
UV 5l2K 
EPROM,120NS 
LCC32 
27C5l2-12IK 
Am27C512-120JC 
OTP 5l2K 
EPROM,120NS 
PLCC 32 
27C5l2-1211.. 


Am27C512-120PC 
OTP 5l2K 
EPROM,120NS 
PDIP28 
27C512-12IP 
Am27C5l2-l50DC 
UV 512K EPROM,looNS 
CERDIP28 
27C512·15/J 
Am27C5l2-l50LC 
UV 5l2K 
EPROM,looNS 
LCC 32 
27C512·15IK 
Am27C5l2-l50JC 
OTP 5l2K 
EPROM,looNS 
PLCC32 
27C512-15IL 
Am27C5l2-l50PC 
OTP 5l2K 
EPROM,looNS 
PDIP28 
27C512-15IP 
Am27C5l2-200DC 
UV 5l2K 
EPROM,2ooNS 
CERDIP 28 
27C512-201J 
Am27C5l2-2ooLC 
UV 5l2K 
EPROM,200NS 
LCC 32 
27C512-201K 
Am27C512-2OOJC 
OTP 5l2K 
EPROM,2ooNS 
PLCC32 
27C512-201l 
Am27C5l2-2ooPC 
OTP 5l2K 
EPROM,2ooNS 
PDIP28 
27C512-201P 
Am27C512-120DI 
UV 5l2K 
EPROM,120NS,IND 
CERDIP 28 
27C512-12VJ 
Am27C5l2-120Ll 
UV 512K EPROM,120NS,IND 
LCC 32 
27C512-12VK 
Am27C5l2-120J1 
OTP 5l2K 
EPROM,120NS,IND 
PLCC32 
27C512-12VL 
Am27C5l2-120PI 
OTP 5l2K 
EPROM,120NS,IND 
PDIP28 
27C512-1211P 
Am27C5l2-150DI 
UV 5l2K 
EPROM,looNS,IND 
CERDIP 28 
27C512-15VJ 
Am27C5l2-150Ll 
UV 5l2K 
EPROM,looNS,IND 
LCC 32 
27C512-15VK 
Am27C5l2-150J1 
OTP 5l2K 
EPROM,looNS,IND 
PLCC32 
27C512-15VL 


•• 


AMD(Cont.) 
DESCRIPTION 
MICROCHIP 
PIN 


Am27C512-150PI 
OTP 512K EPROM,150NS,IND 
PDIP26 
27C512-1511P 
Am27C512-200DI 
UV 512K EPROM,200NS,IND 
CERDIP 26 
27C512-20IIJ 
Am27C512-200LI 
UV 512K EPROM,200NS,IND 
LCC 32 
27C512-2011K 
Am27C512-200J1 
OTP 512K EPROM,200NS,IND 
PLCC32 
27C512-2011L 
Am27C512-200PI 
OTP 512K EPROM,200NS,IND 
PDlP 26 
27C512-2011P 
Am27C512-75DI 
UV 512K EPROM,7ONS 
CERDIP26 
27C512A-701J 
Am27C512-75L1 
UV 512K EPROM,70NS 
LCC32 
27C512A-701K 
Am27C512·00DC 
UV 512K EPROM,OONS 
CERDIP 26 
27C512A-9OIJ 
Am27C512-00LC 
UV 512K EPROM,OONS 
LCC32 
27C512A-9OIK 
Am27C512-00JC 
OTP 512K EPROM,OONS 
PLCC32 
27C512A-9OIL 
Am27C512-00PC 
OTP 512K EPROM,OONS 
PDIP26 
27C512A-9OIP 
Am27C512-120DC 
UV 512K EPROM,120NS 
CERDIP26 
27C512A-121J 
Am27C512·120LC 
UV 512K EPROM,120NS 
LCC32 
27C512A-12/K 
Am27C512-12OJC 
OTP 512K EPROM,120NS 
PLCC 32 
27C512A-12IL 
Am27C512·120PC 
OTP 512K EPROM,120NS 
PDIP26 
27C512A-12IP 
Am27C512-150DC 
UV 512K EPROM,150NS 
CERDIP26 
27C512A-151J 
Am27C512-150LC 
UV 512K EPROM,150NS 
LCC32 
27C512A-15/K 
Am27C512-15OJC 
OTP 512K EPROM,150NS 
PLCC32 
27C512A-15/L 
Am27C512-150PC 
OTP 512K EPROM,150NS 
PDIP26 
27C512A-15/P 
Am27C512-200DC 
UV 512K EPROM,200NS 
CERDIP26 
27C512A-201J 
Am27C512-200LC 
UV 512K EPROM,200NS 
LCC32 
27C512A·201K 
Am27C512·200JC 
OTP 512K EPROM,200NS 
PLCC32 
27C512A·201l 
Am27C512-200PC 
OTP 512K EPROM,200NS 
PDIP26 
27C512A-201P 
Am27HC256-55DC 
UV 256K HS EPROM,55NS 
CERDIP26 
27HC256-551J 
Am27HC256-55LC 
UV 256K HS EPROM,55NS 
LCC32 
27HC256-55/K 
Am27HC256-55JC 
OTP 256K HS EPROM,55NS 
PLCC32 
27HC256·55/L 
Am27HC256-55PC 
OTP 256K HS EPROM,55NS 
PDIP26 
27HC256-55/P 
Am27HC256-70DC 
UV 256K HS EPROM,70NS 
CERDIP26 
27HC256-701J 
Am27HC256-70LC 
UV 256K HS EPROM,70NS 
LCC 32 
27HC256-701K 
Am27HC256-7OJC 
OTP 256K HS EPROM,70NS 
PLCC32 
27HC256-701l 
Am27HC256· 70PC 
OTP 256K HS EPROM,70NS 
PDIP26 
27HC256-701P 
Am27HC256-55DI 
UV 256K HS EPROM,55NS,IND 
CERDIP28 
27HC256-55I1J 
Am27HC256-55J1 
OTP 256K HS EPROM,55NS,IND 
PLCC32 
27HC256-5511L 
Am27HC256-55PI 
OTP 256K HS EPROM,55NS,IND 
PDIP26 
27HC256-5511P 
Am27HC256-70DI 
UV 256K HS EPROM,70NS,IND 
CERDIP26 
27HC256-70IlJ 
Am27HC256-70Ll 
UV 256K HS EPROM,70NS,IND 
LCC32 
27HC256-7011K 


Am27HC256-7OJI 
OTP 256K HS EPROM,70NS,IND 
PLCC 32 
27HC256-7011L 


Am27HC256-70PI 
OTP 256K HS EPROM,70NS,IND 
PDIP26 
27HC256-7011P 


TI 
DESCRIPTION 
MICROCHIP 
PIN 
TMS27C126·12JL 
UV 126K EPROM,120NS 
CERDIP26 
27C128-121J 
TMS27PC126-12FML 
OTP 126K EPROM,120NS 
PLCC 32 
27C128-12IL 
TMS27PC126-12NL 
OTP 126K EPROM,120NS 
PDIP26 
27C128-12IP 
TMS27C126-15JL 
UV 126K EPROM,150NS 
CERDIP26 
27C128-151J 
TMS27PC126-15FML 
OTP 126K EPROM,150NS 
PLCC 32 
27C128-15/L 
TMS27PC126-15NL 
OTP 126K EPROM,150NS 
PDIP26 
27C128-15/P 
TMS27C126-2OJL 
UV 126K EPROM,200NS 
CERDIP26 
27C128-201J 
TMS27PC126-20FML 
OTP 126K EPROM,200NS 
PLCC 32 
27C128-201l 
TMS27PC126-20NL 
OTP 126K EPROM,200NS 
PDIP26 
27C128-201P 
TMS27C126·25JL 
UV 126K EPROM,250NS 
CERDIP 26 
27C128-251J 
TMS27PC126-25FML 
OTP 126K EPROM,250NS 
PLCC 32 
27C128-251L 
TMS27PC126-25NL 
OTP 126K EPROM,250NS 
PDIP26 
27C128-25/P 
TMS27C126-15JE 
UV 126K EPROM,150NS,IND 
CERDIP26 
27C128-1511J 
TMS27PC126·15FME 
OTP 126K EPROM,150NS,IND 
PLCC32 
27C128-1511L 
TMS27PC126-15NE 
OTP 126K EPROM,150NS,IND 
PDIP26 
27C128-1511P 
TMS27C126-2OJE 
UV 126K EPROM,200NS,IND 
CERDIP26 
27C128-201lJ 
TMS27PC126-20FME 
OTP 126K EPROM,200NS,IND 
PLCC32 
27C128-2011L 
TMS27PC128-20NE 
OTP 126K EPROM,200NS,IND 
PDIP26 
27C128-2011P 
TMS27C126-25JE 
UV 126K EPROM,250NS,IND 
CERDIP 26 
27C128-2511J 
TMS27PC126-25FME 
OTP 126K EPROM,250NS,IND 
PLCC32 
27C128-2511L 
TMS27PC126-25NE 
OTP 126K EPROM,250NS,IND 
PDIP26 
27C128-2511P 
TMS27C256·1OJL 
UV 256K EPROM,1 OONS 
CERDIP26 
27C256-101J 
TMS27PC256·10FML 
OTP 256K EPROM,1 OONS 
PLCC 32 
27C256-101l 
TMS27PC256-10NL 
OTP 256K EPROM,1 OONS 
PDIP26 
27C256-101P 
TMS27C256-12JL 
UV 256K EPROM,120NS 
CERDIP26 
27C256-121J 


TI (Cont.) 
DESCRIPTION 
MICROCHIP 
PIN 


TMS27PC256-12FML 
OTP 256K EPROM,120NS 
PLCC32 
27C256-12JL 
TMS27PC256-12NL 
OTP 256K EPROM,120NS 
PDIP28 
27C256-12IP 
TMS27C256-15,JL 
UV 256K EPROM,l50NS 
CERDIP28 
27C256-15/J 
TMS27PC256-15FML 
OTP 256K EPROM,l50NS 
PLCC 32 
27C256-151L 
TMS27PC256-15NL 
OTP 256K EPROM,l50NS 
PDIP28 
27C256-151P 
TMS27C256-2OJL 
UV 256K EPROM,200NS 
CERDIP28 
27C256-201J 
TMS27PC256-20FML 
OTP 256K EPROM,200NS 
PLCC 32 
27C256-201L 
TMS27PC256-20NL 
OTP 256K EPROM,200NS 
PDIP28 
27C256-201P 
TMS27C256-1OJE 
UV 256K EPROM,l OONS,IND 
CERDIP28 
27C256-10VJ 
TMS27PC256-10FME 
OTP 256K EPROM,l00NS,IND 
PLCC32 
27C256-10VL 
TMS27PC256-10NE 
OTP 256K EPROM,l00NS,IND 
PDIP28 
27C256-10VP 
TMS27C256-12JE 
UV 256K EPROM,120NS,IND 
CERDIP28 
27C256-12VJ 
TMS27PC256-12FME 
OTP 256K EPROM,120NS,IND 
PLCC32 
27C256-12VL 
TMS27PC256-12NE 
OTP 256K EPROM,120NS,IND 
PDIP28 
27C256-12VP 
TMS27C256-15,JE 
UV 256K EPROM,l50NS,IND 
CERDIP28 
27C256-15VJ 
TMS27PC256-15FME 
OTP 256K EPROM,l50NS,IND 
PLCC32 
27C256-15VL 


TMS27PC256-15NE 
OTP 256K EPROM,l50NS,IND 
PDIP28 
27C256-15VP 
TMS27C256-2OJE 
UV 256K EPROM,200NS,IND 
CERDIP28 
27C256-20VJ 
TMS27PC256-20FME 
OTP 256K EPROM,200NS,IND 
PLCC 32 
27C256-20VL 
TMS27PC256-20NE 
OTP 256K EPROM,200NS,IND 
PDIP28 
27C256-20VP 
TMS27C512-1OJL 
UV 512K EPROM,l00NS 
CERDIP28 
27C512-101J 
TMS27PC512-10FML 
OTP 512K EPROM,l00NS 
PLCC 32 
27C512·101L 
TMS27PC512-10NL 
OTP 512K EPROM,l00NS 
PDIP28 
27C512·101P 
TMS27C512-12JL 
UV 512K EPROM,120NS 
CERDIP28 
27C512-121J 
TMS27PC512-12FML 
OTP 512K EPROM,l20NS 
PLCC32 
27C512-12JL 
TMS27PC512-12NL 
OTP 512K EPROM,120NS 
PDIP28 
27C512·12IP 
TMS27C512-15,JL 
UV 512K EPROM,l50NS 
CERDIP28 
27C512·15/J 
TMS27PC512-15FML 
OTP 512K EPROM,150NS 
PLCC 32 
27C512-15IL 
TMS27PC512-15NL 
OTP 512K EPROM,l50NS 
PDIP28 
27C512·15IP 
TMS27C512-2OJL 
UV 512K EPROM,200NS 
CERDIP28 
27C512-201J 
TMS27PC512-20FML 
OTP 512K EPROM,200NS 
PLCC32 
27C512-201L 
TMS27PC512-20NL 
OTP 512K EPROM,200NS 
PDIP28 
27C512-201P 
TMS27C512-1OJE 
UV 512K EPROM,l00NS,IND 
CERDIP28 
27C512-10VJ 
TMS27PC512-10FME 
OTP 512K EPROM,l00NS,IND 
PLCC32 
27C512-10VL 
TMS27PC512-10NE 
OTP 512K EPROM,l00NS,IND 
PDIP28 
27C512-10VP 
TMS27C512-12JE 
UV 512K EPROM,120NS,IND 
CERDIP28 
27C512-12VJ 
TMS27PC512-12FME 
OTP 512K EPROM,120NS,IND 
PLCC 32 
27C512-12VL 
TMS27PC512-12NE 
OTP 512K EPROM,120NS,IND 
PDIP28 
27C512·12VP 
TMS27C512-15,JE 
UV 512K EPROM,l50NS,IND 
CERDIP28 
27C512-15VJ 
TMS27PC512-15FME 
OTP 512K EPROM,l50NS,IND 
PLCC32 
27C512-15VL 
TMS27PC512-15NE 
OTP 512K EPROM,150NS,IND 
PDIP28 
27C512·15VP 
TMS27C512-2OJE 
UV 512K EPROM,200NS,IND 
CERDIP28 
27C512-20VJ 
TMS27PC512-20FME 
OTP 512K EPROM,200NS,IND 
PLCC 32 
27C512-20VL 
TMS27PC512-20NE 
OTP 512K EPROM,200NS,IND 
PDIP28 
27C512-20VP 
TMS27C512-8OJL 
UV 512K EPROM,70NS 
CERDIP28 
27C512A-701J 
TMS27PC512-80FML 
OTP 512K EPROM,70NS 
PLCC 32 
27C512A·701L 
TMS27PC512-80NL 
OTP 512K EPROM,70NS 
PDIP28 
27C512A-701P 
TMS27C512-1OJL 
UV 512K EPROM,90NS 
CERDIP28 
27C512A-9OIJ 
TMS27PC512-10FML 
OTP 512K EPROM,90NS 
PLCC32 
27C512A-9OIL 
TMS27PC512-10NL 
OTP 512K EPROM,90NS 
PDIP28 
27C512A-9OIP 
TMS27C512-12JL 
UV 512K EPROM,120NS 
CERDIP28 
27C512A-121J 
TMS27PC512-12FML 
OTP 512K EPROM,120NS 
PLCC 32 
27C512A·12JL 
TMS27PC512-12NL 
OTP 512K EPROM,120NS 
PDIP28 
27C512A-l2IP 
TMS27C512-15,JL 
UV 512K EPROM,l50NS 
CERDIP28 
27C512A-151J 
TMS27PC512-15FML 
OTP 512K EPROM,l50NS 
PLCC32 
27C512A-l5IL 
TMS27PC512-15NL 
OTP 512K EPROM,l50NS 
PDIP28 
27C512A-15IP 
TMS27C512-2OJL 
UV 512K EPROM,200NS 
CERDIP28 
27C512A-201J 
TMS27PC512-20FML 
OTP 512K EPROM,200NS 
PLCC32 
27C512A·201L 
TMS27PC512-20NL 
OTP 512K EPROM,200NS 
PDIP28 
27C512A·201P 


SGS 
DESCRIPTION 
MICROCHIP 
PIN 
M27C64A-15Fl 
UV 64K EPROM,150NS 
CERDIP28 
27C64-15/J 
M27C64A-15Cl 
OTP 64K EPROM,l50NS 
PLCC 32 
27C64-15IL 
M27C64A-15CHR 
OTP 64K EPROM,150NS 
PLCC32 
27C64T-l5IL 
M27C64A-20Fl 
UV 64K EPROM,200NS 
CERDIP28 
27C64-201J 


•• 


SGS(Cont.) 
DESCRIPTION 
MICROCHIP 
PIN 


M27C64A-2OCl 
OTP 64K EPROM,200NS 
PLCC 32 
27C64-2M. 


M27C64A-2OC1TR 
OTP 64K EPROM,2OONS 
PLCC 32 
27C64T-2OIL 
M27C64A-25Fl 
UV 64K EPROM,25ONS 
CEROIP28 
27C64-251J 
M27C64A-25Cl 
OTP 64K EPROM,250NS 
PLCC32 
27C64-25IL 
M27C64A-25C1TR 
OTP 64K EPROM,250NS 
PLCC32 
27C64T-25IL 
M27C64A-15F6 
UV 64K EPROM,l50NS,INO 
CEROIP28 
27C64-15VJ 
M27C64A-15C6 
OTP 64K EPROM,l50NS,INO 
PLCC32 
27C64-l5Vl 
M27C64A-15C6TR 
OTP 64K EPROM,l50NS,INO 
PLCC32 
27C64T-15Vl 
M27C64A-20F6 
UV 64K EPROM,200NS,INO 
CEROIP28 
27C64-2OVJ 
M27C64A-2OC6 
OTP 64K EPROM,200NS,INO 
PLCC 32 
27C64-20Vl 
M27C64A-2OC6TR 
OTP 64K EPROM,200NS,INO 
PLCC32 
27C64T-20Vl 
M27C64A-25F6 
UV 64K EPROM,250NS,INO 
CEROIP28 
27C64-25VJ 
M27C64A-25C6 
OTP 64K EPROM,250NS,INO 
PLCC 32 
27C64-25Vl 
M27C64A-25C6TR 
OTP 64K EPROM,250NS,INO 
PLCC32 
27C64T-25Vl 
M27C128A-12Fl 
UV l28K 
EPROM,120NS 
CEROIP28 
27C128-l21J 
M27C128A-12Cl 
OTP l28K 
EPROM,120NS 
PLCC 32 
27C128-12IL 
M27C128A-15Fl 
UV l28K 
EPROM,l50NS 
CEROIP28 
27C128-l51J 
M27C128A-15Cl 
OTP l28K 
EPROM,l50NS 
PLCC 32 
27C128-l5A.. 


M27C128A-20Fl 
UV l28K 
EPROM,200NS 
CEROIP28 
27C128-201J 
M27C128A-2OCl 
OTP l28K 
EPROM,200NS 
PLCC 32 
27C128-201l. 


M27C128A-12F6 
UV l28K 
EPROM,120NS,INO 
CEROIP28 
27C128-12VJ 
M27C128A-15F6 
UV l28K 
EPROM,l50NS,INO 
CEROIP28 
27C128-l5VJ 
M27C128A-15C6 
OTP l28K 
EPROM,l50NS,INO 
PLCC32 
27C128-15Vl 
M27C128A-20F6 
UV l28K 
EPROM,200NS,INO 
CEROIP28 
27C128-20VJ 
M27C128A-2OC6 
OTP l28K 
EPROM,200NS,INO 
PLCC 32 
27C128-20Vl 
M27C256B-90Fl 
UV 256K EPROM,90NS 
CEROIP28 
27C256-9OIJ 
M27C256B-9OC1 
OTP 256K EPROM,90NS 
PLCC 32 
27C256-9OIL 
M27C256B-90Bl 
OTP 256K EPROM,90NS 
POIP28 
27C256-9OIP 
M27C256B-9OC1 
OTP 256K EPROM,90NS 
PLCC 32 
27C256T-9OIL 
M27C256B-l0Fl 
UV 256K EPROM, lOONS 
CEROIP28 
27C256-101J 
M27C256B-1OCl 
OTP 256K EPROM, lOONS 
PLCC 32 
27C256-1M. 


M27C256B-l0Bl 
OTP 256K EPROM,l00NS 
POIP28 
27C256-101P 
M27C256B-l0Nl 
OTP 256K EPROM,looNS 
VSOP28 
27C256-101VS 
M27C256B-1OCl 
OTP 256K EPROM,l00NS 
PLCC 32 
27C256T-1M. 


M27C256B-12Fl 
UV 256K EPROM,120NS 
CEROIP28 
27C256-121J 
M27C256B-12Cl 
OTP 256K EPROM,l20NS 
PLCC 32 
27C256-l2IL 
M27C256B-12Bl 
OTP 256K EPROM,120NS 
POIP28 
27C256-12IP 
M27C256B-12Ml* 
OTP 256K EPROM,120NS 
SOlC28 
27C256-121SO 
M27C256B-12Nl 
OTP 256K EPROM,l20NS 
VSOP28 
27C256-l2NS 
M27C256B-12Cl 
OTP 256K EPROM,120NS 
PLCC 32 
27C256T-l2IL 
M27C256B-15Fl 
UV 256K EPROM,l50NS 
CEROIP28 
27C256-151J 
M27C256B-15Cl 
OTP 256K EPROM,l50NS 
PLCC 32 
27C256-15A.. 


M27C256B-15Bl 
OTP 256K EPROM,l50NS 
POIP28 
27C256-15IP 
M27C256B-15Ml* 
OTP 256K EPROM,l50NS 
SOlC28 
27C256-l51SO 
M27C256B-15Nl 
OTP 256K EPROM,l50NS 
VSOP28 
27C256-151VS 
M27C256B-15Cl 
OTP 256K EPROM,l50NS 
PLCC32 
27C256T-l5IL 
M27C256B-20Fl 
UV 256K EPROM,200NS 
CEROIP28 
27C256-201J 
M27C256B-2OCl 
OTP 256K EPROM,200NS 
PLCC32 
27C256-201l. 


M27C256B-20Bl 
OTP 256K EPROM,200NS 
POIP28 
27C256-201P 
M27C256B-20Ml* 
OTP 256K EPROM,2ooNS 
SOlC28 
27C256-201S0 
M27C256B-2OCl 
OTP 256K EPROM,2ooNS 
PLCC32 
27C256T·201l 
M27C256B-l0F6 
UV 256K EPROM,lOONS,lNO 
CEROIP28 
27C256-10VJ 
M27C256B-1OC6 
OTP 256K EPROM,lOONS,INO 
PLCC 32 
27C256-10Vl 
M27C256B-l0B6 
OTP 256K EPROM,l00NS,INO 
POIP28 
27C256-1OVP 
M27C256B-1OC6 
OTP 256K EPROM,l00NS,INO 
PLCC 32 
27C256T·l0Vl 
M27C256B-12F6 
UV 256K EPROM,120NS,INO 
CEROIP28 
27C256-12VJ 
M27C256B-12C6 
OTP 256K EPROM,120NS,INO 
PLCC32 
27C256-12Vl 
M27C256B-12B6 
OTP 256K EPROM,120NS,INO 
POIP28 
27C256-l2VP 
M27C256B-12C6 
OTP 256K EPROM,l20NS,INO 
PLCC32 
27C256T·12Vl 
M27C256B-15F6 
UV 256K EPROM,l50NS,INO 
CEROIP28 
27C256-15VJ 
M27C256B-15C6 
OTP 256K EPROM,l50NS,INO 
PLCC 32 
27C256-15Vl 
M27C256B-15B6 
OTP 256K EPROM,l50NS,INO 
POIP28 
27C256-1511P 
M27C256B-15C6 
OTP 256K EPROM,l50NS,INO 
PLCC 32 
27C256T·15Vl 
M27C256B-20F6 
UV 256K EPROM,2ooNS,INO 
CEROIP28 
27C256-20VJ 
M27C256B-2OC6 
OTP 256K EPROM,2ooNS,INO 
PLCC 32 
27C256-20Vl 


SGS(Cont.) 
DESCRIPTION 
MICROCHIP 
PIN 


M27C256B-20B6 
OTP 256K EPROM,2ooNS,IND 
PDIP28 
27C256-20VP 


M27C256B-2OC6 
OTP 256K EPROM,2ooNS,IND 
PLCC 32 
27C256T-20VL 
M27C5l2-90Fl 
UV 5l2K 
EPROM,90NS 
CERDIP28 
27C5l2-90/J 
M27C5l2-9OC1 
OTP 5l2K 
EPROM,90NS 
PLCC32 
27C5l2-90/L 
M27C5l2·90Bl 
OTP 5l2K 
EPROM,90NS 
PDIP28 
27C5l2-901P 
M27C5l2-9OC1 
OTP 5l2K 
EPROM,90NS 
PLCC32 
27C5l2T-9OIL 
M27C5l2-l0Fl 
UV 5l2K 
EPROM,lOONS 
CERDIP28 
27C5l2-l0/J 
M27C5l2·1OCl 
OTP 5l2K 
EPROM, lOONS 
PLCC 32 
27C5l2-l0/L 
M27C5l2-l0Bl 
OTP 5l2K 
EPROM,looNS 
PDIP28 
27C5l2-101P 
M27C5l2-1OCl 
OTP 5l2K 
EPROM,lOONS 
PLCC 32 
27C512T-101L 
M27C5l2-l2Fl 
UV 5l2K 
EPROM,120NS 
CERDIP28 
27C512-121J 
M27C5l2-l2Cl 
OTP 5l2K 
EPROM,120NS 
PLCC 32 
27C512-12IL 
M27C5l2-l2Bl 
OTP 5l2K 
EPROM,120NS 
PDIP28 
27C512-12IP 


M27C5l2-l2Cl 
OTP 5l2K 
EPROM,120NS 
PLCC32 
27C512T-12IL 


M27C5l2-l5F1 
UV 5l2K 
EPROM,l50NS 
CERDIP28 
27C512-15/J 
M27C5l2·l5C1 
OTP 5l2K 
EPROM,l50NS 
PLCC32 
27C512-15/L 
M27C5l2-15Bl 
OTP 5l2K 
EPROM,150NS 
PDIP28 
27C512-151P 
M27C5l2-l5C1 
OTP 5l2K 
EPROM,150NS 
PLCC32 
27C512T-151L 
M27C512-20F1 
UV 5l2K 
EPROM,2ooNS 
CERDIP28 
27C512-20/J 
M27C5l2-2OCl 
OTP 5l2K 
EPROM,2ooNS 
PLCC 32 
27C5l2-201L 
M27C5l2-20Bl 
OTP 5l2K 
EPROM,2ooNS 
PDIP28 
27C5l2-201P 
M27C5l2-2OCl 
OTP 5l2K 
EPROM,2ooNS 
PLCC 32 
27C5l2T ·201L 
M27C5l2-l0F6 
UV 5l2K 
EPROM,lOONS,IND 
CERDIP28 
27C512-10VJ 
M27C5l2-1OC6 
OTP 5l2K 
EPROM,lOONS,lND 
PLCC 32 
27C512-10VL 
M27C5l2-l0B6 
OTP 5l2K 
EPROM,looNS,lND 
PDIP28 
27C512-10VP 
M27C5l2-1OC6 
OTP 5l2K 
EPROM,lOONS,lND 
PLCC 32 
27C512T-1OVL 
M27C5l2-l2F6 
UV 5l2K 
EPROM,120NS,IND 
CERDIP 28 
27C512-12VJ 


M27C5l2-l2C6 
OTP 5l2K 
EPROM,120NS,IND 
PLCC 32 
27C512-12VL 
M27C5l2-l2B6 
OTP 5l2K 
EPROM,120NS,IND 
PDIP28 
27C512-12VP 
M27C5l2-l2C6 
OTP 5l2K 
EPROM,120NS,IND 
PLCC 32 
27C512T-12VL 


M27C5l2-l5F6 
UV 5l2K 
EPROM,l50NS,IND 
CERDIP 28 
27C512-15VJ 
M27C5l2-l5C6 
OTP 5l2K 
EPROM,150NS,IND 
PLCC 32 
27C512-15VL 
M27C5l2-l5B6 
OTP 5l2K 
EPROM,150NS,IND 
PDIP28 
27C512-15VP 
M27C5l2-l5C6 
OTP 5l2K 
EPROM,150NS,IND 
PLCC 32 
27C512T-15VL 


M27C5l2-20F6 
UV 5l2K 
EPROM,2ooNS,IND 
CERDIP 28 
27C512-20VJ 
M27C5l2-2OC6 
OTP 5l2K 
EPROM,200NS,IND 
PLCC 32 
27C512-20VL 
M27C5l2-20B6 
OTP 5l2K 
EPROM,2ooNS,IND 
PDIP28 
27C512-20VP 
M27C5l2-2OC6 
OTP 5l2K 
EPROM,2ooNS,IND 
PLCC 32 
27C512T-20VL 
M27C5l2-80Fl 
UV 5l2K 
EPROM,70NS 
CERDIP 28 
27C512A·701J 
M27C5l2-8OCl 
OTP 5l2K 
EPROM,70NS 
PLCC32 
27C512A-701L 
M27C5l2-80Bl 
OTP 5l2K 
EPROM,70NS 
PDIP28 
27C512A-701P 
M27C5l2-8OCl 
OTP 5l2K 
EPROM,70NS 
PLCC 32 
27C512AT-70/L 
M27C5l2-90Fl 
UV 5l2K 
EPROM,90NS 
CERDIP 28 
27C512A-9OIJ 
M27C5l2-9OCl 
OTP 5l2K 
EPROM,90NS 
PLCC 32 
27C512A·9O/L 
M27C5l2-90Bl 
OTP 5l2K 
EPROM,90NS 
PDIP28 
27C512A-9OIP 


M27C5l2-9OCl 
OTP 5l2K 
EPROM,90NS 
PLCC 32 
27C512AT-9OIL 
M27C5l2-l2Fl 
UV 5l2K 
EPROM,120NS 
CERDIP28 
27C512A-121J 
M27C5l2-l2Cl 
OTP 5l2K 
EPROM,120NS 
PLCC 32 
27C512A-12IL 


M27C5l2·l2Bl 
OTP 5l2K 
EPROM,120NS 
PDIP28 
27C512A-12IP 
M27C5l2-l2Cl 
OTP 5l2K 
EPROM,120NS 
PLCC 32 
27C512AT-l2IL 
M27C5l2-l5Fl 
UV 5l2K 
EPROM,l50NS 
CERDIP28 
27C512A-151J 
M27C5l2-l5Cl 
OTP 5l2K 
EPROM,150NS 
PLCC 32 
27C512A-15/L 
M27C5l2-l5B1 
OTP 5l2K 
EPROM,150NS 
PDIP28 
27C512A-15IP 
M27C5l2-l5Cl 
OTP 5l2K 
EPROM,150NS 
PLCC32 
27C512AT-15/L 
M27C5l2-20Fl 
UV 5l2K 
EPROM,2ooNS 
CERDIP28 
27C512A-201J 


M27C5l2-2OCl 
OTP 5l2K 
EPROM,2ooNS 
PLCC32 
27C512A-201L 


M27C5l2-20Bl 
OTP 5l2K 
EPROM,2ooNS 
PDIP28 
27C512A-201P 


M27C5l2-2OC1 
OTP 5l2K 
EPROM,2ooNS 
PLCC32 
27C5l2AT-2OIL 
M27V5l2-2ooKl 
OTP 5l2K 
EPROM,3V,2ooNS 
PLCC32 
27LV512-201L 
M27V5l2-250Kl 
OTP 5l2K 
EPROM,3V,250NS 
PLCC32 
27LV512-25/L 
M27V5l2-3OOK1 
OTP 5l2K 
EPROM,3V,300NS 
PLCC 32 
27L V512-301L 
M27V5l2-2ooK6 
OTP 5l2K 
EPROM,3V,200NS,IND 
PLCC 32 
27L V512-20VL 
M27V5l2-250K6 
OTP 5l2K 
EPROM,3V,250NS,IND 
PLCC32 
27LV512-25VL 
M27V5l2-3OOK6 
OTP 5l2K 
EPROM,3V,300NS,IND 
PLCC32 
27LV512-30VL 


•• 


Intel 
DESCRIPTION 
MICROCHIP 
PIN 


27C64A-l0 
UV 64K EPROM,150NS 
CERDIP28 
27C64-151J 


27C64A-200 
UV 64K EPROM,200NS 
CERDIP28 
27C64-201J 
27C64A-25Q 
UV 64K EPROM,25ONS 
CERDIP 28 
27C64-251J 


27C64A-1T 
UV 64K EPROM,l5ONS,IND 
CERDIP28 
27C64-15VJ 
27C64A-20T 
UV 64K EPROM,2OONS,IND 
CERDIP28 
27C64-2OVJ 
27C64A-25Q 
UV 64K EPROM,25ONS,IND 
CERDIP28 
27C64-25VJ 
27128A-l0 
UV 128K EPROM,l50NS 
CERDIP28 
27C128-15/J 
27128A-200 
UV 128K EPROM,200NS 
CERDIP 28 
27C128-20/J 
27128A-25Q 
UV 128K EPROM,250NS 
CERDIP 28 
27C128-25/J 
27128A-1T 
UV 128K EPROM,l50NS,IND 
CERDIP28 
27C128-1511J 
27128A-20T 
UV 128K EPROM,200NS,IND 
CERDIP28 
27C128-20VJ 
27128A-25T 
UV 128K EPROM,250NS,IND 
CERDIP 28 
27C128-25VJ 
27C256-120Vl00 
UV 256K EPROM,120NS 
CERDIP28 
27C256-121J 
N27C256-120Vl00 
OTP 256K EPROM,l20NS 
PlCC 
32 
27C256-12IL 
P27C256-120Vl00 
OTP 256K EPROM,l20NS 
PDIP28 
27C256-12IP 
27C256-150Vl00 
UV 256K EPROM,l50NS 
CERDIP26 
27C256-15/J 
N27C256-150Vl00 
OTP 256K EPROM,l50NS 
PlCC32 
27C256-15IL 
P27C256-150Vl00 
OTP 256K EPROM,l50NS 
PDIP26 
27C256-15IP 
27C256-200Vl00 
UV 256K EPROM,200NS 
CERDIP26 
27C256-201J 
N27C256-200Vl00 
OTP 256K EPROM,200NS 
PlCC32 
27C256-201l 


P27C256-200Vl00 
OTP 256K EPROM,200NS 
PDIP26 
27C256-20/P 
27C256-120Vl0T 
UV 256K EPROM,120NS,IND 
CERDIP26 
27C256-12VJ 
N27C256-120Vl0T 
OTP 256K EPROM,120NS,IND 
PlCC 
32 
27C256-1211L 
P27C256-120Vl0T 
OTP 256K EPROM,120NS,IND 
PDIP26 
27C256-12VP 
27C256-150Vl0T 
UV 256K EPROM,l50NS,IND 
CERDIP26 
27C256-15VJ 
N27C256-150Vl0T 
OTP 256K EPROM,l50NS,IND 
PlCC 
32 
27C256-1511L 
P27C256-150Vl0T 
OTP 256K EPROM,l50NS,IND 
PDIP26 
27C256-15VP 
27C256-200V10T 
UV 256K EPROM,200NS,IND 
CERDIP26 
27C256-20VJ 
N27C256-200Vl0T 
OTP 256K EPROM,200NS,IND 
PlCC32 
27C256-2011L 
P27C256-200Vl0T 
OTP 256K EPROM,200NS,IND 
PDIP26 
27C256-20VP 
27C512-120Vl00 
UV 512K EPROM,120NS 
CERDIP26 
27C512-121J 
27C512-150Vl00 
UV 512K EPROM,l50NS 
CERDIP 26 
27C512-15/J 
27C512-200Vl00 
UV 512K EPROM,200NS 
CERDIP26 
27C512-20/J 
27C512-120V10T 
UV 512K EPROM,120NS,IND 
CERDIP 26 
27C512-12VJ 
27C512-150V10T 
UV 512K EPROM,150NS,IND 
CERDIP 26 
27C512-15VJ 
27C512-200Vl0T 
UV 512K EPROM,200NS,IND 
CERDIP26 
27C512-20VJ 
27C512-120V100 
UV 512K EPROM,120NS 
CERDIP 26 
27C512A-121J 


27C512-150Vl00 
UV 512K EPROM,l50NS 
CERDIP 26 
27C512A-151J 
27C512-200Vl00 
UV 512K EPROM,200NS 
CERDIP 26 
27C512A-201J 


TOSHIBA 
DESCRIPTION 
MICROCHIP 
PIN 
TC57256AD-121-120 
UV 256K EPROM,120NS 
CERDIP 26 
27C256-121J 
TC57256AD-151-150 
UV 256K EPROM,l50NS 
CERDIP 26 
27C256-151J 
TC57256AD-20 
UV 256K EPROM,200NS 
CERDIP 26 
27C256-201J 
TC54256AP-15 
OTP 256K EPROM,l50NS,IND 
PDIP26 
27C256-15VP 
TC54256AF-20· 
OTP 256K EPROM,l50NS,IND 
SOlC26 
27C256-15VSO 
TC57512AD-15 
UV 512K EPROM,l50NS 
lCC32 
27C512-15/K 
TC54512AP-15 
OTP 512K EPROM,l50NS 
PDIP 26 
27C512-15/P 
TC54512AF-15· 
OTP 512K EPROM,l50NS 
SOlC26 
27C512-15/S0 
TC57512AD-20 
UV 512K EPROM,200NS 
CERDIP 26 
27C512-201J 
TC54512AP-20 
OTP 512K EPROM,200NS 
PDIP26 
27C512·20/P 


TC54512AF-20· 
OTP 512K EPROM,200NS 
SOlC26 
27C512-201S0 
TC54512AP-17 
OTP 512K EPROM,l50NS,IND 
PDIP26 
27C512·15VP 
TC54512AP-20 
OTP 512K EPROM,200NS,IND 
PDIP26 
27C512-20VP 
TC57H256D-701-65 
UV 256K HS EPROM,70NS 
CERDIP 26 
27HC256-701J 


NATIONAL 
DESCRIPTION 
MICROCHIP 
PIN 
NM27C640150 
UV 64K EPROM,l50NS 
CERDIP26 
27C64-151J 
NM27C64Nl50 
OTP 64K EPROM,l50NS 
PDIP26 
27C64-15IP 
NM27C640200 
UV 64K EPROM,200NS 
CERDIP 26 
27C64-20/J 
NM27C64N200 
OTP 64K EPROM,200NS 
PDIP26 
27C64·201P 
NM27C640El50 
UV 64K EPROM,150NS,IND 
CERDIP26 
27C64-15VJ 
NM27C64NE150 
OTP 64K EPROM,150NS,IND 
PDIP26 
27C64·15VP 
NM27C1260150 
UV 126K EPROM,120NS 
CERDIP26 
27C128-121J 
NM27C126Nl50 
OTP 126K EPROM,120NS 
PDIP26 
27C128-12IP 


National 
(Cont.) 
DESCRIPTION 
MICROCHIP 
PIN 


NM27C128Q200 
UV 128K EPROM,200NS 
CERDIP28 
27C128-201J 
NM27C128N200 
OTP 128K EPROM,200NS 
PDIP28 
27C128-201P 
NM27C128QEl50 
UV 128K EPROM,l50NS,IND 
CERDIP28 
27C128-1511J 
NM27C128NEl50 
OTP 128K EPROM,l50NS,IND 
PDIP28 
27C128-1511P 
NM27C2560100 
UV 256K EPROM,1 OONS 
CERDIP28 
27C256-101J 
NM27C256Vl00 
OTP 256K EPROM,l00NS 
PLCC 32 
27C256-101l 
NM27C256Nl00 
OTP 256K EPROM,l00NS 
PDIP28 
27C256-101P 
NM27C2560120 
UV 256K EPROM,120NS 
CERDIP28 
27C256-121J 
NM27C256V120 
OTP 256K EPROM,120NS 
PLCC32 
27C256-12/L 
NM27C256N120 
OTP 256K EPROM,120NS 
PDIP28 
27C256-12IP 
NM27C2560150 
UV 256K EPROM,l50NS 
CERDIP28 
27C256-151J 
NM27C256Vl50 
OTP 256K EPROM,l50NS 
PLCC32 
27C256-15IL 
NM27C256Nl50 
OTP 256K EPROM,l50NS 
PDIP28 
27C256-15IP 
NM27C2560200 
UV 256K EPROM,200NS 
CERDIP28 
27C256-201J 
NM27C256V200 
OTP 256K EPROM,200NS 
PLCC32 
27C256-2OIl 
NM27C256N200 
OTP 256K EPROM,200NS 
PDIP28 
27C256-201P 
NM27C2560El00 
UV 256K EPROM,l00NS,IND 
CERDIP28 
27C256-101lJ 
NM27C256VE100 
OTP 256K EPROM,l00NS,IND 
PLCC 32 
27C256-1011l. 


NM27C256NE100 
OTP 256K EPROM,l00NS,IND 
PDIP28 
27C256-1011P 
NM27C2560E120 
UV 256K EPROM,120NS,IND 
CERDIP28 
27C256-1211J 
NM27C256VE120 
OTP 256K EPROM,120NS,IND 
PLCC 32 
27C256-12111.. 


NM27C256NEl20 
OTP 256K EPROM,120NS,IND 
PDIP28 
27C256-1211P 
NM27C256QEl50 
UV 256K EPROM,l50NS,IND 
CERDIP28 
27C256-1511J 
NM27C256VEl50 
OTP 256K EPROM,l50NS,IND 
PLCC32 
27C256-15111.. 


NM27C256NEl50 
OTP 256K EPROM,l50NS,IND 
PDIP28 
27C256-1511P 
NM27C2560E200 
UV 256K EPROM,200NS,IND 
CERDIP28 
27C256-201lJ 
NM27C256VE200 
OTP 256K EPROM,200NS,IND 
PLCC 32 
27C256-20111.. 


NM27C256NE200 
OTP 256K EPROM,200NS,IND 
PDIP28 
27C256-2011P 
NM27C5120120 
UV 512K EPROM,120NS 
CERDIP28 
27C512-121J 
NM27C512V120 
OTP 512K EPROM,120NS 
PLCC 32 
27C512-12/L 
NM27C512N120 
OTP 512K EPROM,120NS 
PDIP28 
27C512-12IP 
NM27C5120150 
UV 512K EPROM,l50NS 
CERDIP28 
27C512-15/J 
NM27C512Vl50 
OTP 512K EPROM,l50NS 
PLCC32 
27C512-15IL 
NM27C512Nl50 
OTP 512K EPROM,l50NS 
PDIP28 
27C512-15IP 
NM27C5120200 
UV 512K EPROM,200NS 
CERDIP28 
27C512-201J 
NM27C512V200 
OTP 512K EPROM,200NS 
PLCC 32 
27C512-201l 
NM27C512N200 
OTP 512K EPROM,200NS 
PDIP28 
27C512-2OJP 
NM27C5120E120 
UV 512K EPROM,120NS,IND 
CERDIP28 
27C512-1211J 
NM27C512VE120 
OTP 512K EPROM,120NS,IND 
PLCC 32 
27C512-12111.. 


NM27C512NE120 
OTP 512K EPROM,120NS,IND 
PDIP28 
27C512-1211P 
NM27C5120E150 
UV 512K EPROM,l50NS,IND 
CERDIP28 
27C512-1511J 
NM27C512VE150 
OTP 512K EPROM,l50NS,IND 
PLCC32 
27C512-15111.. 


NM27C512NEl50 
OTP 512K EPROM,l50NS,IND 
PDIP28 
27C512-1511P 
NM27C5120E200 
UV 512K EPROM,200NS,IND 
CERDIP28 
27C512-201lJ 
NM27C512VE200 
OTP 512K EPROM,200NS,IND 
PLCC32 
27C512-20111.. 


NM27C512NE200 
OTP 512K EPROM,200NS,IND 
PDIP28 
27C512-2011P 
NM27C5120120 
UV 512K EPROM,120NS 
CERDIP28 
27C512A-121J 
NM27C512V120 
OTP 512K EPROM,120NS 
PLCC 32 
27C512A-12/L 
NM27C512N120 
OTP 512K EPROM,120NS 
PDIP28 
27C512A-l2IP 
NM27C5120150 
UV 512K EPROM,l50NS 
CERDIP28 
27C512A-151J 
NM27C512Vl50 
OTP 512K EPROM,l50NS 
PLCC 32 
27C512A-15IL 
NM27C512Nl50 
OTP 512K EPROM,l50NS 
PDIP28 
27C512A-15IP 
NM27C5120200 
UV 512K EPROM,200NS 
CERDIP28 
27C512A-201J 
NM27C512V200 
OTP 512K EPROM,200NS 
PLCC 32 
27C512A-201l 
NM27C512N200 
OTP 512K EPROM,200NS 
PDIP28 
27C512A-201P 


ATMEL 
DESCRIPTION 
MICROCHIP 
PIN 
AT27C256R-90DC 
UV 256K EPROM,9ONS 
CERDIP28 
27C256-9OIJ 
AT27C256R-9OJC 
OTP 256K EPROM,90NS 
PLCC32 
27C256-9OA. 


AT27C256R-90PC 
OTP 256K EPROM,90NS 
PDIP28 
27C256-901P 
AT27C256R-90RC· 
OTP 256K EPROM,90NS 
SOlC28 
27C256-9OIS0 
AT27C256R-90TC 
OTP 256K EPROM,90NS 
VSOP28 
27C256-90NS 
AT27C256R-12DC 
UV 256K EPROM,120NS 
CERDIP28 
27C256-121J 
AT27C256R-12LC 
UV 256K EPROM,120NS 
LCC 32 
27C256-12IK 
AT27C256R-12JC 
OTP 256K EPROM,120NS 
PLCC32 
27C256-12/L 


•• 


EPROM CROSS REFERENCE GUIDE 


Atmel 
(Cont.) 
DESCRIPTION 
MICROCHIP 
PIN 


AT27C256R-12PC 
OTP 256K EPROM,120NS 
PDIP28 
27C256-l2IP 
AT27C256R-12RC* 
OTP 256K EPROM,l20NS 
SOlC28 
27C256-l2/S0 
AT27C256R-12TC 
OTP 256K EPROM,l20NS 
VSOP28 
27C256-l2NS 
AT27C256R-15DC 
UV 256K EPROM, lOONS 
CERDIP28 
27C256-l51J 
AT27C256R-15LC 
UV 256K EPROM, 1SONS 
LCC 32 
27C256-l5/K 
AT27C256R-15JC 
OTP 256K EPROM,lSONS 
PLCC32 
27C256-l51l 
AT27C256R-15PC 
OTP 256K EPROM,lSONS 
PDIP28 
27C256-l5/P 
AT27C256R-15RC* 
OTP 256K EPROM,lSONS 
SOlC28 
27C256-l51SO 
AT27C256R-15TC 
OTP 256K EPROM,lSONS 
VSOP 28 
27C256-l5/VS 
AT27C256R-20DC 
UV 256K EPROM,200NS 
CERDIP28 
27C256-201J 
AT27C256R-20LC 
UV 256K EPROM,200NS 
LCC32 
27C256-2OIK 
AT27C256R-2OJC 
OTP 256K EPROM,200NS 
PLCC 32 
27C256-201L 
AT27C256R-20PC 
OTP 256K EPROM,200NS 
PDIP28 
27C256-201P 
AT27C256R-20RC* 
OTP 256K EPROM,200NS 
SOlC28 
27C256-201S0 
AT27C256R-20TC 
OTP 256K EPROM,200NS 
VSOP28 
27C256-20NS 
AT27C256R-12DI 
UV 256K EPROM,120NS,IND 
CERDIP28 
27C256-l2VJ 
AT27C256R-12L1 
UV 256K EPROM,l20NS,IND 
LCC32 
27C256-l2VK 
AT27C256R-12J1 
OTP 256K EPROM,l20NS,IND 
PLCC32 
27C256-l2V1.. 


AT27C256R-12PI 
OTP 256K EPROM,l20NS,IND 
PDIP28 
27C256-l2VP 
AT27C256R-12RI* 
OTP 256K EPROM,120NS,IND 
SOlC28 
27C256-l2VSO 
AT27C256R-15DI 
UV 256K EPROM,lSONS,IND 
CERDIP28 
27C256-l5VJ 


AT27C256R-15L1 
UV 256K EPROM,lSONS,IND 
LCC32 
27C256-l5VK 
AT27C256R-15J1 
OTP 256K EPROM,lSONS,IND 
PLCC32 
27C256-l5V1.. 


AT27C256R-15PI 
OTP 256K EPROM,lSONS,IND 
PDIP28 
27C256-l5VP 
AT27C256R-15RI* 
OTP 256K EPROM,lSONS,IND 
SOlC28 
27C256-l5VSO 
AT27C256R-20DI 
UV 256K EPROM,200NS,IND 
CERDIP28 
27C256-20VJ 
AT27C256R-20Ll 
UV 256K EPROM,200NS,IND 
LCC 32 
27C256-20VK 
AT27C256R-2OJI 
OTP 256K EPROM,200NS,IND 
PLCC 32 
27C256-20Vl.. 


AT27C256R-20PI 
OTP 256K EPROM,200NS,IND 
PDIP28 
27C256-20VP 
AT27C256R-20RI* 
OTP 256K EPROM,200NS,IND 
SOlC28 
27C256-20VSO 
AT27C5l2R-90DC 
UV 5l2K 
EPROM,9ONS 
CERDIP28 
27C5l2A-9OIJ 
AT27C5l2R-90LC 
UV 5l2K 
EPROM,9ONS 
LCC32 
27C5l2A-9OIK 
AT27C5l2R-9OJC 
OTP 5l2K 
EPROM,90NS 
PLCC 32 
27C5l2A-9O/L 
AT27C5l2R-90PC 
OTP 5l2K 
EPROM,90NS 
PDIP28 
27C5l2A-9OIP 
AT27C5l2R-90RC* 
OTP 5l2K 
EPROM,90NS 
SOlC28 
27C5l2A-9OISO 
AT27C5l2R-90TC 
OTP 5l2K 
EPROM,90NS 
VSOP28 
27C5l2A-9ONS 
AT27C5l2R-12DC 
UV 5l2K 
EPROM,120NS 
CERDIP28 
27C5l2A-121J 
AT27C5l2R-12LC 
UV 5l2K 
EPROM,120NS 
LCC32 
27C5l2A-l2IK 
AT27C5l2R-12JC 
OTP 5l2K 
EPROM,l20NS 
PLCC 32 
27C5l2A-12/L 
AT27C5l2R-12PC 
OTP 5l2K 
EPROM,120NS 
PDIP28 
27C5l2A-l2IP 
AT27C5l2R-12RC* 
OTP 5l2K 
EPROM,l20NS 
SOlC28 
27C5l2A-12/S0 
AT27C5l2R-12TC 
OTP 5l2K 
EPROM,l20NS 
VSOP28 
27C5l2A-12NS 
AT27C5l2R-15DC 
UV 5l2K 
EPROM,lSONS 
CERDIP28 
27C5l2A-151J 
AT27C5l2R-15LC 
UV 5l2K 
EPROM,lSONS 
LCC 32 
27C5l2A-15/K 
AT27C5l2R-15JC 
OTP 5l2K 
EPROM, lOONS 
PLCC32 
27C5l2A-151l 
AT27C5l2R-15PC 
OTP 5l2K 
EPROM,lSONS 
PDIP28 
27C5l2A-15/P 
AT27C5l2R-15RC* 
OTP 5l2K 
EPROM, lOONS 
SOlC28 
27C5l2A-151SO 
AT27C5l2R-15TC 
OTP 5l2K 
EPROM,lSONS 
VSOP28 
27C5l2A-15/VS 
AT27C5l2R-20DC 
UV 5l2K 
EPROM,200NS 
CERDIP28 
27C5l2A-201J 


AT27C5l2R-20LC 
UV 5l2K 
EPROM,200NS 
LCC 32 
27C5l2A·201K 
AT27C5l2R-20JC 
OTP 5l2K 
EPROM,200NS 
PLCC32 
27C5l2A·201L 
AT27C5l2R-20PC 
OTP 5l2K 
EPROM,200NS 
PDIP28 
27C5l2A·201P 
AT27C5l2R-20RC* 
OTP 5l2K 
EPROM,200NS 
SOlC28 
27C5l2A-201S0 
AT27HC256R-55DC 
UV 256K HS EPROM,55NS 
CERDIP28 
27HC256-551J 
AT27HC256R-55LC 
UV 256K HS EPROM,55NS 
LCC32 
27HC256-55/K 
AT27HC256R-70DC 
UV 256K HS EPROM,7ONS 
CERDIP28 
27HC256-701J 
AT27HC256R-70LC 
UV 256K HS EPROM,7ONS 
LCC32 
27HC256-701K 
AT27HC256R-7OJC 
OTP 256K HS EPROM,70NS 
PLCC32 
27HC256-701L 
AT27HC256R-70PC 
OTP 256K HS EPROM,70NS 
PDIP28 
27HC256-701P 
AT27HC256R-90DC 
UV 256K HS EPROM,90NS 
CERDIP28 
27HC256-9OIJ 
AT27HC256R-90LC 
UV 256K HS EPROM,90NS 
LCC32 
27HC256-9OIK 
AT27HC256R-9OJC 
OTP 256K HS EPROM,90NS 
PLCC 32 
27HC256-9O/L 
AT27HC256R-90PC 
OTP 256K HS EPROM,90NS 
PDIP28 
27HC256-9OIP 
AT27HC256R-55DI 
UV 256K HS EPROM,55NS,IND 
CERDIP28 
27HC256-55VJ 
AT27HC256R-55L1 
OTP 256K HS EPROM,55NS,IND 
PLCC32 
27HC256-55V1.. 


Atmel 
(Cont.) 
DESCRIPTION 
MICROCHIP 
PIN 


AT27HC256R-70DI 
UV 256K HS EPROM,70NS,IND 
CERDIP28 
27HC256-70VJ 
AT27HC256R-70Ll 
UV 256K HS EPROM,70NS,IND 
LCC32 
27HC256-7011K 
AT27HC256R-7OJI 
OTP 256K HS EPROM,70NS,IND 
PLCC 32 
27HC256-70VL 
AT27HC256R-70PI 
OTP 256K HS EPROM,70NS,IND 
PDIP28 
27HC256·7011P 
AT27LV256R-20DC 
OTP 256K EPROM,3V,200NS 
CERDIP28 
27LV256-2OfJ 
AT27LV256R-20LC 
OTP 256K EPROM,3V,200NS 
LCC32 
27LV256-20fK 
AT27LV256R-2OJC 
OTP 256K EPROM,3V,200NS 
PLCC32 
27LV256-20fl 
AT27LV256R-20PC 
OTP 256K EPROM,3V,200NS 
PDIP28 
27LV256-20fP 
AT27LV256R-20RC' 
OTP 256K EPROM,3V,200NS 
SOlC28 
27LV256-201S0 
AT27LV256R-20TC 
OTP 256K EPROM,3V,200NS 
VSOP28 
27LV256-20fVS 
AT27LV256R-25DC 
OTP 256K EPROM,3V,250NS 
CERDIP28 
27L V256-251J 
AT27LV256R-25LC 
OTP 256K EPROM,3V,250NS 
LCC32 
27LV256-25IK 
AT27LV256R-25JC 
OTP 256K EPROM,3V,250NS 
PLCC 32 
27LV256-25IL 
AT27LV256R-25PC 
OTP 256K EPROM,3V,250NS 
PDIP28 
27LV256-25/P 
AT27LV256R-25RC' 
OTP 256K EPROM,3V,250NS 
SOlC28 
27LV256-251S0 
AT27LV256R-25TC 
OTP 256K EPROM,3V,250NS 
VSOP 28 
27LV256-251VS 
AT27LV256R-20DI 
OTP 256K EPROM,3V,200NS,IND 
CERDIP28 
27LV256-20VJ 
AT27LV256R-20LI 
OTP 256K EPROM,3V,200NS,IND 
LCC32 
27LV256-2011K 
AT27LV256R-25DI 
OTP 256K EPROM,3V,250NS,IND 
CERDIP28 
27LV256-25VJ 
AT27LV256R-25L1 
OTP 256K EPROM,3V,250NS,IND 
LCC32 
27LV256-25VK 
AT27LV512R-20DC 
OTP 512K EPROM,3V,200NS 
CERDIP28 
27LV512-2OfJ 
AT27LV512R-20LC 
OTP 512K EPROM,3V,200NS 
LCC32 
27LV512-20fK 
AT27LV512R-2OJC 
OTP 512K EPROM,3V,200NS 
PLCC 32 
27LV512·20fl 
AT27LV512R-20PC 
OTP 512K EPROM,3V,200NS 
PDIP28 
27LV512·20fP 
AT27LV512R-20RC' 
OTP 512K EPROM,3V,200NS 
SOlC28 
27LV512-201S0 
AT27LV512R-20TC 
OTP 512K EPROM,3V,200NS 
VSOP28 
27L V512-20fVS 
AT27LV512R-25DC 
OTP 512K EPROM,3V,250NS 
CERDIP28 
27LV512-251J 
AT27LV512R-25LC 
OTP 512K EPROM,3V,250NS 
LCC32 
27LV512-25IK 
AT27LV512R-25JC 
OTP 512K EPROM,3V,250NS 
PLCC 32 
27LV512·25IL 
AT27LV512R-25PC 
OTP 512K EPROM,3V,250NS 
PDIP28 
27LV512·25/P 
AT27LV512R-25RC' 
OTP 512K EPROM,3V,250NS 
SOIC 28 
27LV512-25/S0 
AT27LV512R-25TC 
OTP 512K EPROM,3V,250NS 
VSOP28 
27LV512-251VS 
AT27LV512R-20DI 
OTP 512K EPROM,3V,200NS,IND 
CERDIP28 
27LV512·20VJ 
AT27LV512R-20Ll 
OTP 512K EPROM,3V,200NS,IND 
LCC32 
27LV512·2011K 
AT27LV512R-25DI 
OTP 512K EPROM,3V,250NS,IND 
CERDIP28 
27LV512·25VJ 
AT27LV512R-25L1 
OTP 512K EPROM,3V,250NS,IND 
LCC32 
27LV512·25VK 
•• 


o C B 


~ 


part Number 
Density 
C=CMOS 
HC = High Speed CMOS 
LV = 3.3V Operation (1MB and higher) 
X = Express ROM (QTP) 


Commercial O°C to +70°C 
Industrial -40°C to +85°C 
Extended -55°C to +125°C 


D 
28-lead CERDIP 
L 
32-lead Ceramic LeadJess LCC 
P 
28-lead PDIP 
J 
32-lead PLCC 
E 
32-lead TSOP 


35 ns - Vcc ± 10"10 
45 ns - Vcc ± 10"/. 
55 ns - Vcc ± 10% 
70 ns - Vcc ± 10"/0 
70 ns - Vcc ± 5% 
90 ns - Vcc ± 10"10 


120 ns - Vcc ± 10"10 
150 ns - Vcc ± 10% 
200 ns - Vcc ± 10% 
250 ns - Vcc ± 10% 
250 ns - Vcc ±5% 


TEXAS INSTRUMENTS 


TMSC512 -100 } 
L 
4 


~ 


part Number 
Density 
C=CMOS 
PL=OTPCMOS 


Commercial 
O°C to 70°C 
Extended -40°C to +85°C 


J 
28-lead CERDIP 
N 
28-lead PDIP 
FM 
32-lead PLCC 
00 
32-lead TSOP 
[XJ 
32-lead Reverse Pin-out TSOP 


10 
12 
15 
17 
20 
25 
100 
120 
150 
1 
2 
Blank 


100 ns - Vcc ± 10"/. 
120 ns - Vcc ± 10"/. 
150 ns - Vcc ± 10"/. 
170 ns - Vcc ± 10"10 
200 ns - Vcc ± 10"10 
250 ns - Vcc ± 10"10 
1oons-Vcc±5% 
120 ns - Vcc ±5% 
150 ns - Vcc ±5% 
170 ns - Vcc ±5% 
200 ns - Vcc ± 5% 
250 ns - Vcc ±5% 


M27C256B 
-80 
X 
F 
1 
l 


~ 


27C256 
-12QV1 Q Q 


~ 


Part Number 
Density 


C=CMOS 


L 
Low Power 
X 
Additional Bum-in 
lR 
Tape & Reel 


1 
O"Cto +70"C 
3 
-4O"Cto +125°C 
6 
-4O"Cto +8SoC 
7 
-4O"Cto +105°C 


F 
28-lead CERDIP 
B 
28-lead PDIP 
C 
32-lead PlCC 
M 
28-lead .330" SOIC 
N 
32-lead VSOP 


X 
Vcc±5% 
Blank 
Vcc ± 10"/0 


80 
80 ns 
90 
90 ns 
10 
100 ns 
12 
120 ns 
15 
150 ns 
20 
200 ns 
25 
250 ns 
30 
300 ns 


Q 
T 
l 
Blank 


Commercial 
O°C to +70°C, 
168 Hr Bum 
in 
Extended 
-40°C 
to +85°C 


Extended 
-40°C 
to +85°C, 
168 Hr Bum 
in 


Commercial 
O°C to +70°C 


120V10 
120 ns, Vcc ± 10% 
150V10 
150 ns, Vcc ± 10% 
200V10 
200 ns, Vcc ± 10% 


(NOTE: 
V05 indicates 
Vcc ± 5%) 


Blank 
N 
P 


CERDIP 
PlCC 
PDIP 


•• 


12 
120ns-Vcc@±5% 
15 
120ns-Vcc@±5% 
120 
120 ns - Vcc @ ± 10% 
150 
150 ns - Vcc @ ± 10% 
20 
200 ns - Vcc @ ± 5% 
70 
70 ns - Vcc @ ± 5% 
85 
85 ns - Vee @ ± 10% 
Part Number. Density 
H = High Speed 
57= EPROM 
54 = OTP PROM 


CERDIP 
PDIP 
.330· SOIC 


NM27C512 
Q 
E 
120 


~ 


Blank 
Commercial O°Cto +70°C 
E 
Extended -40°C to +85°C 


Part Nymber Density 
C=CMOS 


CEROIP 
POIP 
PlCC 


HN27C256A 
FP -IS 
I 


~~": 


Part Number 
Density 
C=CMOS 
H = High Speed 


Standard 
Tape & Reel 


70 
70ns 
85 
85 ns 
10 
100 ns 
12 
120 ns 
15 
150 ns 
17 
170 ns 
20 
200 ns 
25 
250 ns 
30 
300 ns 


28-lead CERDIP 
28-lead PDIP 
.330" SOIC 


AT2?C512R-!".!.o 
~ 
~ 


Part Number 
Density 
C=CMOS 
HC = High Speed 
lV = 3.3V Operation 


Commercial O°C to +70°C 
Industrial -40°C to +85°C 
Milnary -55°C to +125°C 


D 
28-lead CERDIP 
J 
32-lead PlCC 
K 
32-lead Window lCC J lead 
P 
28-lead PDIP 
R 
28-lead .330" SOIC 
l 
32-lead Window lCC 
T 
28-lead VSOP 


55 ns 
70 ns 
90 ns 
120 os 
150 ns 
200 ns 
250 ns 


•• 


Package: 
J 
CERDIP 
K 
Ceramic Leadless Chip Carrier 
L 
Plastic Leaded Chip Carrier 
P 
PDIP 
SO 
Plastic SOIC 
TS 
Thin Small Outline Package (TSOP) 8x20mm 
VS 
Very Small Outline Package (TSOP) 8x13.4mm 


Temperature 
O"C to 7O"C 
Range: 
I 
-40"C to 85"C 


E 
-40"C to 125°C 


Access 
Time: 
70 
70 ns 
90 
90 ns 
10 
100 ns 
12 
120 ns 
15 
150 ns 


Device: 
27C512A 
512K (64K x 8) CMOS EPROM 
T=Tape and Reel 


Memory Products Division 


EPROM Programming Guide 


All Microchip EPROMs should be programmed using the Express algorithm (shown on reverse side). Other algorithms 
can cause high programming fallout and even retention failures due to undue stress on the chips. This list will be updated 
as information becomes available. Programmer models and revisions shown are subject to change by the manufacturers 
at any time. 


Manufacturer 
MQQID 
Software Rev 
~ 


DATA 1/0 
S1000 
24 or 25 
Verified Express 


DATA 1/0 
29B 
24 
Verified Express 


DATA 1/0 
288 
1.0 
Vendor specifies Express 


DATA 1/0 
2900 
1.1, 1.2, 1.7 
Vendor specifies Express 


DATA 1/0 
3900 
1.0,1.4 
Vendor specifies Express 


DATA 1/0 
Autosite 
1.0,1.5 
Vendor specifies Express 


DATA 1/0 
Unisite 
3.0, 3.1, 3.2 
Vendor specifies Express 


STAG 
PP42 
8.0 
Verified close to Express, but user must manually 
select double-voltage verify 


STAG 
PP39 
Same 


ELAN 
50001932 
6.02V1 
Vendor specifies Express 
Turbo 


ELAN 
50001932 
5.05V1 
Vendor specifies Express 
• 


EPRO 
Model 124 
User-programmable to Express 


LOGICAL DEVICES 
AIIPro 88,40 
2.2 
Express AND Low Voltage Support 
No Express support for Windows version (Exar) 


LOGICAL DEVICES 
GangPro 8+ 
1.1 
Vendor specifies Express on latest releases 


LOGICAL DEVICES 
GangPro S 
Fast, Rapid only 


LOGICAL DEVICES 
GangPro S, 
1.0 
Vendor specifies Express on latest releases 


LOGICAL DEVICES 
Husky 
Fast, Rapid only 


BYTEK 
Multitrk-4000 
Vendor specifies Express on latest releases 


PLCC-to-DIP 


Emulation 
Technology 
32-28-01-P600 


TSOP-to-DIP 


Emulation 
Technology 
AS-32-28-02TS-6ENP-GANG-S 


Conditions: 
Tam = 2S'C ±S'C 
Vcc = 6.S ±O.2SV 
VPp = 13.0 ±O.2SV 
ADDR = First Location 
Vcc=6.SV 
VPp= 13.0V 


SECTIONS 


LOGIC PRODUCTS 


•• 


AV0438 


32-Segment CMOS LCD Driver 


• Drives up to 32 LCD segments of arbitrary 
configuration 
• CMOS process for: wide supply voltage range, low- 
power operation, high-noise immunity, wide 
temperature range 
• CMOS, NMOS and TTL-compatible 
inputs 
• Electrostatic discharge protection on all pins 
• Cascadable 
• On-chip oscillator 
• Requires only three control lines 
• Can be used to drive relays, solenoids, print head 
drives, etc. 


• Industrial displays 
• Consumer product displays 
• Telecom product displays 
• Automotive dashboard displays 


The AY0438 is a CMOS LSI circuit that drives a liquid 
crystal display, usually under microprocessor 
control. 


The part acts as a smart peripheral that drives up to 32 
LCD segments. 
It needs only three control lines due to 
its serial input construction. 
It latches the data to be 
displayed and relieves the microprocessor from the task 
of generating the required waveforms. 


The AY0438 can drive any standard or custom parallel 
drive LCD display, whether it be field effect or dynamic 
scattering; 7-, 9-, 14- or 16-segment characters; deci- 
mals; leading +or -; or special symbols. Several AY0438 
devices can be cascaded. The AC frequency of the LCD 
waveforms can either be supplied by the user or gen- 
erated by attaching a capacitor to the LCD input, which 
controls the frequency of an internal oscillator. 


32 OUTPUTS 


BACKPlANE 


OUTPUT 


PIN CONFIGURATION 
40-LEAD DUAL INLINE 


Top View 


Voo 
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The device also acts as a versatile peripheral, able to 
drive displays, motors, relays and solenoids within its 
output limitations. 


The AY0438 is available in 40-lead dual-in-line ceramic 
and plastic packages. Unpackaged dice are also avail- 
able. 


PIN DESCRIPTION 


Pin' 
Name 
Direction 
Description 


1 
Voo 
- 
Supply voltage 
2 
Load 
Input 
Latch data from registers 
3-29,32,33,37-39 
Seg 1-32 
Output 
Direct drive outputs 


30 
BP 
Output 
Backplane drive output 
31 
LC[)<I) 
Input 
Backplane drive input 
34 
Data In 
Input 
Data input to shift register 
35 
Data Out 
Output 
Data output from shift register 
36 
Vss 
Ground 
Ground 
40 
Clock 
Input 
System clock input 


: 
1" 
:r-\ 
r-\: 
~ 
L-J 
~ 
I 
=x! 
x== 
tds ' 
I 
tdh..-! 


I :X~'_ 


I 
I 
-;tpdi 


LOAD 
~ 


1. The shift register loads, shifts, and outputs on the 
falling edge of the clock. 


2. A logic 1 on Data In causes a segment to be visible. 


3. A logic 1 on Load causes a parallel load of the data in 
the shift register into latches that control the segment 
drivers. 


4. If LC[)<I) is driven, it is in phase with the backplane 
output. 


5. To cascade units, either connect backplane of one 
circuit to LC[)<I)of all other circuits (thus one capacitor 
provides frequency control for all circuits) or connect 
LCDc!>of all circuits to a common driving signal. If the 
former is chosen, tie just one backplane to the LCD 
and use a different backplane 
output to drive the 
LCDc!>inputs. The data can be loaded to all circuits in 
parallel or else Data Out can be connected to Data In 
to form a long serial shift register. 


6 
The supply voltage of the AY0438 is equal to half the 
peak driving voltage of the LCD. 


7. The LCD<1>pin can be used in two modes, driven or 
oscillating. If LCDc!>is driven, the circuit will sense this 


FIGURE 2 OSCILLATOR FREQUENCY 
GRAPH (TYPICAL @ 2S"C) 
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condition and pass the LCDc!>input to the backplane 
output. 
If the LCDc!>pin is allowed to oscillate, its 
frequency is inversely proportional to capacitance 
and the LCD drivingwaveforms have a frequency 2" 
slower than the oscillator itself. The relationship is 
shown graphically (see Figure 2). The frequency is 
nearly independent of supply voltage. 
If LCDc!>is 
oscillating, it is important to keep coupling capaci- 
tance to backplane and segments as low as pos- 
sible. 
Similarly, it is recommended that the load 
capacitance on LCDc!>be as large as is practical. 


8. There are two obvious signal races to be avoided in 
this circuit, (1) changing Data In when the clock is 
falling, and (2) changing Load when the clock is 
falling. 


9. The number of a segment corresponds 
to how 
many pulses have occurred since its data was 
present at the input. For example, the data on SEG 
17 was input 17 clock pulses earlier. 


1O.lt is acceptable to tie the load line high. In this case 
the latches are transparent. 
Also, remote control 


would only require two signal lines: clock and Data 
In. 


'Exceeding these ratings could cause permanent dam- 
age to the device. 
This is a stress rating only and 


functional operation of this device at these conditions is 
not implied. Operating ranges are specified in Standard 
Conditions. 
Exposure to absolute 
maximum 
rating 
conditions for extended periods may affect device relia- 
bility. 
Data labeled 'typical' is presented for design guidance 
only and is not guaranteed. 


Maximum Ratings' 


Voo 
-Q.3Vto +12V 


Inputs (CLK, Data In, Load) 
Vcc to Voo +0.3V 


LCDcI>Input 
-Q.3V to Voo +0.3V 


Power Dissipation 
250mW 


Storage Temperature 
-65·C to +125"C 
Operating Temperature Industrial 
-40·C to +85"C 


Voo = +5V unless otherwise noted 
DC CHARACTERISTICS 
TA = -40"C to +85'C 


Characteristics 
Sym 
Min 
Typ 
Max 
Units 
Conditions 


Supply Voltage 
Voo 
+3.0 
- 
+8.5 
V 


Supply Current 
100 
- 
25 
60 
J,JA 
LCDcI>OSC < 15 kHz 
- 
13 
30 
J,JA 
LCDcI>OSC < 100Hz 


Input High Level 
VIH 
0.5Voo 
- 
Voo 
V 


Input Low Level 
Clock, 
VIL1 
0 
- 
0.1 Voo 
V 
3.0V s Voo S 8.5V 
Data, 
VIl2 
0 
- 
0.1 Voo 
V 
3.0V S Voo S 8.5V 


Input Leakage Current 
Load 
IL 
- 
0.01 
±10 
J,JA 
VIN = OV and +5.0V 


Input Capacitance 
CI 
- 
- 
5.0 
pF 
Voo= +5.0V 


segment Output Voltage 
VOH 
0.8Voo 
- 
Voo 
V 
IOH= -100J,JA 
VOL 
0 
- 
O.lVoo 
V 
IOL= l00J,JA 


LCDcI>Input High Level 
VIN 
0.9Voo 
- 
Voo 
V 


LCDcI>Input Low Level 
VIL 
0 
- 
O.lVoo 
V 


LCDcI>Input Leakage 
IL 
- 
- 
10 
J,JA 
VIN = OV and +5.0V 
Current Level 
Voo=+5.0V 


AC CHARACTERISTICS 


Characteristics 
Sym 
Mln 
Typ 
Max 
Units 
Conditions 


Clock Rate 
f 
DC 
- 
1.5 
MHz 
50% duty cycle 


Data Set-up Time 
tds 
150 
- 
. 
nsec 
Data change to Clk 
falling edge 


Data Hold Time 
tdh 
50 
- 
- 
nsec 


Load Pulse Width 
tpw 
175 
- 
- 
nsec 


Data Out Prop. Delay 
tpd 
- 
- 
500 
nsec 
CL= 55pF 
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To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


P 
Plastic DIP 
L 
PLCC 
S 
Die in waffle pack 


I 
, Temperature 
Range: 
O' to 70' C 
40°C to 85°C 


SECTION 9 
DEVELOPMENT SYSTEMS AND SOFTWARE TOOLS 


DEVELOPMENT SYSTEMS: 
Microchip BBS 
Microchip Bulletin Board Service 
9- 


Application 
Specific 
Standard 
Products 
(ASSP) Division: 
PICSEE 
PICSEE Product Development Tools 
9- 
TrueGauge™ 
Intelligent Ballery Management Development Tool 
9- 


Logic Products 
Division: 
PICMASTERTM 
PICMASTER Universalln-Ciruit 
Emulator System 
9- 
PRO MATETM 
CMOS Microcontroller Programmer Unit 
9- 
PICSTARTTM-16B1 
PIC16CXX Low-Cost Microcontroller Development System 
9- 
PICSTART-16C 
PIC16CXX Low-Cost Microcontroller Development System 
9- 
PICDEM-I 
Low-Cost PIC16117 Demonstration Board 
9- 


SOFTWARE TOOLS: 
Logic Products 
Division: 


MPASM 
Universal PIC16117 Microcontroller Assembler Software 
9- 
MPALC 
PIC16CXX Microcontroller Cross Assembler Software 
9- 
MPSIM 
PIC16C5X and PIC16CXX Microcontroller Simulator 
9- 


MP-C 
MP·C Code Development System 
9- 
fuzzyTECI-P/MP 
fuzzyTECHlMCU-MP 
for PIC16117 
9- 


Memory Products 
Division: 


Total Endurance™ 
Serial EEPROM Endurance Model 
9- 


3 
5 


9 
13 
15 
17 
19 


21 
23 •• 


25 
27 
29 


31 


MICROCHIP BBS 


Get current information and help on Microchip's Bulletin 
Board Service (BBS)! 
Microchip wants to provide you 
with the best responsive service possible. 
To accom- 
plish this, the systems team monitors the BBS, posting 
the latest component data and software tool updates, 
providing technical help and embedded 
systems 
in- 


sights, and discussing how Microchip products provide 
project solutions. 
Extend your technical groups staff 
with 
microcontroller 
and 
memory 
experts 
through 
Microchip's BBS communication channel. 


Connect worldwide 
to the Microchip 
BBS using the 
Compuserve communications networ!<. In most cases, 
a local call is your only expense. 
The Microchip BBS 
connection does not use Compuserve membership ser- 
vices, therefore you do not need Compuserve 
mem- 
bership 
to Join Microchip's 
BBS. 


The procedure to connect will vary slightly from country 
to country. 
Please check with your local Compuserve 
agent for details if you have a problem. 
Compuserve 
services allows multiple users at buad rates up to 9600. 
To connect: 


1. 
Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the nonnal Compuserve setting 
which is 7E1. 


2. 
Dial your local Compuserve phone number. 


3. 
Type <RETURN> and a garbage string will appear 
because Compuserve is expecting a 7E1 setting. 


4. 
Type +<RETURN> and Host Name: will appear. 


5. 
Type MCHIPBBS<RETURN> 
and you will be con- 
nect to the Microchip BBS. 


To leam Compuserve's phone number closest to you, 
set your modem to 7E1, and dial (800) 848 8980, and 
follow Compuserve's directions. 
If you are dialing from 
overseas, you may call 614-457 -1550 for voice informa- 
tion. 


Connect without charge to the bulletin board. However, 
you are responsible for your phone charges. 
Access is 
available to all, but users are required to register the first 
time they "log in." No registration fees are required atthis 
time. 


The Microchip Bulletin Board is a multi-faceted tool. 
Topic information includes: 


• Special Interest Groups 
• Files 
• Mail 
• Bug lists 
• Technical assistance 
• Consultant Directory 


Special Interest Groups 


Special Interest Groups, or SIGs, offer you the opportu- 
nity to discuss technical issues and topics with other 
users. Take advantage ofthe Microchip usercommunity's 
broad background to glean infonnation not available by 
any other method. 


SIGs exists for most Microchip systems, including: 


• PIC16/17-SW 
• PICMASTER 
• PRO MATETM 
• UTILITIES 


• ENDURANCE 
• MEMORY PRODUCTS 
• BUGS 
• APP NOTE 


These groups are moderated by Microchip staff. 


Files 


The Microchip Systems BBS is used regularly to distrib- 
ute bug reports, history files, and interim patches for 
Microchip software products. 


Users can contribute files for distribution on the BBS. 
These files will be monitored, scanned, and approved or 
disapproved by the SIG moderator. No executable files 
are accepted from the user community in general. 


The BSS can be used to distribute mail to other users of 
the service. 


This is an excellent way to get questions answered by 
the Microchip staff, as well as to keep intouch with fellow 
Microchip product users worldwide. 


The BBS is an evolving product intended to serve your 
needs. 
We welcome your ideas and input. 
Consider 
mailing a message to your SIG moderator, or to the 
SYSOP, if you have ideas or questions about particular 
Microchip products, or BBS operation. 


•• 


Microchip's 
Bulletin Board 


MICROCHIP 
PICSEETMTOOLS 


The PICSEE Development Systems provide the product 
development 
engineer with cost effective and timely 
design tool solutions for the MTA8XXXX family of 8-bit 
CMOS microcontrollers with serial EEPROM. They are 
designed specifically for the MTA8XXXX family. These 
tools work in conjunction 
with existing hardware and 
software design tools for the PIC16CXX microcontroller 
family. This allows the development engineer to effi- 
ciently implement systems utilizing these multichip mod- 
ules with a minimal leaming curve and capital invest- 
ment. 


• Supports MTA81010 
• Programming Adapters for PDIP and SOIC 
packages 
• Daughter card for PICPROBE-16A 


• 
12CTMbus Serial Communication Application 
Software 


I'C is a trademark of Philips. 
MS-DOS is a registered trademark of Microsoft Corp. 


This kit is supports the MTA81010 multichip module. It 
contains programming adapters, a PICMASTERTMemu- 
lator daughter board and MTA81 010 product samples in 
28-lead PDIP. Also included is an M-DOS"', PC-eompat- 
ible 3.5-inch software diskette that contains example 
source code for implementing the FC serial bus protocol 
to communicate with a Serial EEPROM. Documentation 
is provided for all of the included hardware and software. 


Programming Support 


Two programming adapters are provided to allow the 
MTA81010's intemal program EPROM as well as it's 
data EEPROM to be programmed on existing program- 
mers. 
Any 
programmer 
that 
supports 
Microchip's 
PIC16C54 
can 
program 
the 
MTA81010's 
internal 
EPROM. Also, any programmer that supports Microchip's 
24LC01 B Serial EEPROM can program the MTA8101O's 
internal 
Serial 
EEPROM. 
There 
is one adapter for 
MTA81010's 
in DIP packages and another for SOIC 
packages. Both DIP and SOIC programming adapters 
interface to programmers via a 300 mil DIP header. 


• 
PICSEE PDIP and SOIC to 
PIC16C54 or 24LC01 B Programming 
Adapter Sockets 
2 
• 
Header Interlace for PICMASTER-16A 
and PICPROBE-16A 
3 
• 
Serial EEPROM Example Software 
Disk 
4 
• 
MTA81010 Product Samples 
5 
• 
8- and 18-Pin Programming Adapter 
Plugs 
6 
• 
Complete Systems Documentation 
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PICSEE TOOLS 


Emulation 
Support 


The emulator daughter board allows the developer to 
use Microchip's PICMASTER in-circuitemulatorto 
emu- 
late the MTA81010 Microcontrollerwith Serial EEPROM. 
This daughter board replaces Microchip's 
PIC16C5X 
Emulator Probe Header (PIN AC162009) emulator probe 
to support the MTA8101O. The daughter board provides 
the required translation from a PIC16C54 pin out to the 
MTA81010 pin out. It also contains a discrete 24LC01B 
Serial EEPROM to provide the same functions as the 
MTA81010's intemal EEPROM. This provides a cost- 
effective emulation solution to customers who may wish 
to purchase a PICMASTER in-circuit emulator or those 
that already have a PICMASTER. 


Software Support 


Example source code for 12CBus communication with a 
serial EEPROM is included in the PICSEE. This pre- 
tested code can be used directly or modified by the 
developer to meet their specific needs. This example 
code is provided royalty free and license free. 


• Complete Low-Cost Development Solution for 
MTA81010 
• Combines PICSEEKIT AC812001 and PICSTART 
DV163001 
• MPALC Assembler 
• MPSIM Simulator 
• Low-Cost Programmer 
• Programming Adapter Sockets 


• 
12C Bus Applications Software 


This kit combines the PICSEEKIT (PIN AC812001) with 
a PICSTARpM (PIN DV163001) to form a complete low- 
cost development system for the MTA81010 multichip 
module. It is designed to support the MTA81 010 during 
the software development and initial prototype phases 
of new product development. 
It contains 
tools for 


software development and debugging, as well as pro- 
grammer for programming 
the MTA81010's 
intemal 
EPROM program memory. For a more detailed descrip- 
tion, please refer to the PICSEEKIT PIN AC812001 and 
PICSTART PIN DV163001 product descriptions. 


1 
• 
PICSEE 
PDIP and SOIC to 
PIC16C54 
or 24LC01B 
Programming 
Adapter 
Sockets 
2 
• 
Header 
Interface 
for PICMASTER-16A 
and PICPROBE-16A 
3 
• 
Serial 
EEPROM 
Example 
Software 
Disk 
4 
• 
MTA81010/PIC16CXX 
Product 
Samples 
5 
• 
PIC16CXX 
Device 
Programmer 
Board 
6 
• 
PIC16CXX 
Assembler, 
Simulator 
and 
Host Software 
7 
• 
8- and 18-Pin 
Programming 
Adapter 
Plugs 
8 
• 
Complete 
Systems 
Documentation 


To order orto obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices. 


PART NUMBER 
AC812001 
DV813001 


DESCRIPTION 
PICSEEKIT FOR MTA81010 
PICSEESTART FOR MTA81010 
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TRUEGAUGETM 


The MTA 11200 TrueGauge Intelligent Battery Manage- 
ment IC is supported by a user friendly tool for system 
development. The DV114oo1 operates under Microsoft 
Windows". This development tool enables for manage- 
ment of all phases of product development, including 
inception, debugging and maintenance. System design 
verification can be accomplished 
before a hardware 


prototype needs to be built, thus reducing time and cost. 
The user interface provides a graphically-oriented 
de- 
velopment environment. The data logging feature saves 
measured data into a file that can be imported to Excere. 


FIGURE 1 - TRUEGAUGE DEVELOPMENT 


TOOLKIT 


The TrueGauge development tool is a tool for system 
development under Windows. The development tool kit 
contains the following: 


NiCd battery with TrueGauge module 


• 
NiMH battery with TrueGauge module 


• 
Stand-alone TrueGauge module 


• 
Charger/Discharger 
Interface Board 


• 
Universal Power Supply with power cord 


PC Interface Cable with DB9-DB25 converter 
DesignNerification 
software on a 3.5" diskette 


MTA11200 and 24LC01B product samples 


• 
MTA 11200 Datasheet 


• 
TrueGauge Development Tool User's Guide 


Battery status information is plotted on the computer 
allowing for the real-time monitor of battery management 
parameters (see Figure 2). 
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TrueGauge 
is a trademark of Microchip Technology 
Inc. 


Microsoft Windows and Excel are registered trademarks 
of Microsoft Corporation. 
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Parameters can be changed easily and downloaded to 
the TrueGauge module (see Figures 3 and 4). 
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REPINTRVL & REPMODE: Broadcast Interval 


Interval 
I 1•.1;] 
1.•1 c::!::J 


LED Mode 
o BCD 10" Levels 
@ Discrete 
20" 
Levels 


Broadcast 
08.t8. Seled 
o Single Byte 
@ Sixteen Byte 


Counts 


[TOERRS: Charge Time 
1+1 I 
1"1 c::!::J 


ILOTERRS: Low Temp. 
1•.1 I 
1.•1c::!::J 


IHITERRS: High Temp. 
1+1 1 
1+1c::!::J 


IHIVERRS: High Vall. 
1+1 I 
1"1 c::!::J 


iCCCA: Charge Gycle 
1+11 1 
1"1 L!!::J 


[TCC: Charge Cyde 
1•.1 I 
1+1c::!::J 


USER: User Storage 


User Value #1 
I :::1+:::l:========:::I.•=1 c::!::J 


User Value #2 
II:::":::1=========:::1"=1c::!::J 


User Value #3 
II:::.:::1::::========1.•::::1c::!::J 


User Value #4 
I :::1•.:::1=========:::1.•=1 c::!::J 


System design verification can be accomplished before 
hardware implementation (see Figures 6. 7 and 8). 
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A data logging feature saves measured data into a file 
that can be imported to Microsoft Excel (see Figure 8). 


Time 
Remaining 
Voltage 
Temperature 
(C) 
Current (mA) 
Total 
Flag_byte 
Error_byte 


Capacity 
(%) 
Capacity (mA-Hr) 


22:39:13 
9 
8.645 
23.88281 
647 
1200 
BB 
0 


22:39:15 
9 
8.645 
23.88672 
647 
1200 
BB 
0 


22:39:23 
9 
8.646 
23.90234 
648 
1200 
BB 
0 


22:39:34 
9 
8.646 
23.92188 
647 
1200 
BB 
0 


22:39:44 
9 
8.647 
23.9375 
647 
1200 
BB 
0 


22:39:55 
9 
8.647 
23.95313 
647 
1200 
BB 
0 


22:40:04 
10 
8.647 
23.96484 
647 
1200 
BB 
0 


22:40:14 
10 
8.648 
23.96875 
647 
1200 
BB 
0 


22:40:25 
10 
8.648 
23.98047 
647 
1200 
BB 
0 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices. 


PART NUMBER 
DV114001 
DESCRIPTION 
TRUEGAUGE 
DEVELOPMENT TOOL 


PICMASTER™ System 


PICMASTER Universal In-Circuit Emulator System 


• Real-time trace memory capture of 40 bits of informa- 


tion for each instruction cycle in an 8Kx40 trace buffer. 
Trace region can range from 0 to 64K in any address 
combinations. 


• Real-time trace data can be captured and displayed 
without halting emulation. 


• Unlimited number of hardware breakpoints can be set 
anywhere in the program memory. 


• External Break with "AND"rOR" 
capability with inter- 
nal breakpoints. 


• Multiprocessor 
emulation 
capability. 
Up to eight 
PICMASTER emulators can be synchronized 
on a 
single PC, for multi-processor development. 


• Extended 48-bit cycle counter. 


• Trigger Output available on any range of addresses. 


• Full Symbolic Debug Capability. Symbolic display and 
alter of all register files, special purpose registers, 
stack registers, and bank registers. 


• Selectable Internal Emulator Clock or User Target 
(Prototype) System Clock. 


• User selectable internal or external Power Supply 
(provided). 


• Complete Hi-Performance PC-based Microcontroller 
Development System for the PIC16117 families. 


• For use on PC-eompatible 286, 386, and 486 ma- 
chines under Microsoft Windows" 3.X environment. 


• Assembler Software, Emulator System, and EPROM 
Programmer unit, sample kit, and demonstration hard- 
ware and software provide a complete microcontroller 
product development environment. 


Emulator System: 


• Hi-Performance In-Circuit Emulation of Microchip Mi- 
crocontrollers. 


• Real-time instruction emulation. 


• Single and Multiple instruction step execution. 


• Program Memory emulation and memory mapping 
capability up to 64K words. Instruction execution can 
be mapped into either emulation memory or user 
prototype memory. 


PICMASTERis a trademarkof MicrochipTechnologyInc. 
Windowsis a registeredtrademarkof MicrosoftCorp. 


•• 


PICMASTER Development System 


EPROM Programmer System: 


• PRO MATETMDevice Programmer unit for all current 
PIC16117 products. 


• Operates as a Stand-alone Unit or in Conjunction with 
a PC-compatible host system. 


• Performs READ, PROGRAM, and VERIFY functions 
in Stand-alone mode. 


• PC Host Software provides file display and editing, file 
transfer to and from programmer unit, device serial- 
ization, and program voltage calibration. 


Macro Assembler: 


• Provides translation 
of Assembler source code to 
object code for the PIC16117 family of microcon- 
trollers. 


• Macro-assembly and conditional assembly capability. 


• Produces Object files, Listing files, Symbol files, and 
special files reqUired for symbolic debug with the 
PICMASTER Emulator System. 


• Binary I Hex output 
formats: 
INHX8S, 
INHX8M, 
INHX16, and PICMASTER. 


Demo Board: 


The PICDEM-I Demostration Board provides a user with 
a simple hardware tool through which software can be 
exercised and debugged. 
A step-by-step tutorial en- 
ables first-time users of PICMASTER to become familiar 
with all the features of the emulator. 
A generous 
prototype 
area (200 holes) allows the user to build 
additional hardware for their project. 
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Common 
Interface 
Card 
PC Compatible 
Computer 
(ATASA 
Bus) (for Industry 
Standard 
A,cMecture) 


PRO MATE is a trademark of Microchip Technology 
Inc. 
AT is a registered trademark of IBM Corp. 


The PICMASTER Universal In-Circuit Emulator System 
is intended to provide the product development engineer 
with a complete microcontroller 
design tool set for all 
microcontrollers 
in the 
PIC16/17 
family. 
The 
PICMASTER system currently supports the PIC16C54, 
PIC16C55, PIC16C56 and PIC16C57 at clock frequen- 
cies of 4 MHz; the PIC16C64, PIC16C71, PIC16C74, 
PIC16C84 to 10 MHz; and the PIC17C42 at 4 MHz. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture 
of the PICMASTER 
allows expansion 
to support all new microcontroller 
architectures with data and program memory paths to 16 
bits. 


The Emulator System is designed to operate on low-cost 
PC-compatible machines ranging from 286-AT" class 
ISA-bus systems through the new 486 EISA-bus ma- 
chines. The development software runs in the Microsoft 
Windows 3.X environment, 
allowing the operator ac- 
cess to a wide range of supporting software and acces- 
sories. 


Provided with the PICMASTER System is a high perfor- 
mance, real-time In-Circuit Emulator, a microcontroller 
programmer unit, a macro assembler program, and a 
simulator program. Sample programs are provided to 
help quickly familiarize the user with the development 
system and the PIC16/17 microcontroller families. 


Coupled with the user's choice of text editor, the system 
is ready for development of products containing any of 
Microchip's microcontroller products. 


A 'Quick Start' Product Sample Pak containing user 
programmable parts is included for additional conve- 
nience (only devices supported by the probe header). 


Microchip provides additional customer support to de- 
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS system. 


PICMASTER Development System 


Host System Requirements: 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you the end user. 
To 
properly 
take 
advantages 
of these 
features, 
PICMASTER requires installation on a system having 
the following minimum configuration: 


• PCI AT-compatible machine: 286, 386SX, 386DX, or 
486 with ISA or EISA Bus. 
• EGA, VGA, 8514/A, Hercules graphic card (EGA or 
higher recommended). 
• MS-DO~ 
I PC-DOS version 3.1 or greater. 


• Microso~ 
Windows version 3.0 or greater operating 


in either standard or 386 enhanced mode). 
• 1 Mbyte RAM (2 Mbytes recommended). 
• One 3.5" floppy disk drive. 
• Approximately 
10 Mbytes of hard disk (1 Mbyte 


required for PICMASTER, remainder for Windows 
3.X system). 
• One 8-bit PC/AT (ISA) 1/0 expansion slot (half size) 
• Microso~ 
mouse 
or compatible 
(highly 
recom- 
mended). 


Emulator System Components: 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


• Host-Interface 
Card: 
The PC Host Interface Card 
connects the emulator system to a PC compatible 
system. This high-speed parallel interface requires 
a single half-size standard AT IISA slot in the host 
system. 
A 37-conduetor cable connects the inter- 
face card to the external Emulator Control Pod. 


• Emulator 
Control 
Pod: The Emulator Control Pod 
contains all emulation and control logic common to 
all microcontrollerdevices. 
Emulation memory, trace 
memory, event and cycle timers, and tracelbreakpoint 
logic are contained 
here. 
The Pod controls and 
interfaces to an interchangeable target-specific emu- 
lator probe via a 14" precision ribbon cable. 
• Target-specific 
Emulator 
Probe: 
A probe specific 
to microcontroller family to be emulated is installed 
on the ribbon cable coming from the control pod. 
This probe configures the universal system for emu- 
lation of a specific microcontroller. 
Currently, the 
PIC16C5X 
family, 
PIC16CXX 
family, 
and 
the 
PIC17C42 microcontrollers are supported. 
Future 
microcontroller probes will be available as they are 
released. 
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• PC Host Emulation Control Software: 
Host software 
necessary to control and provide a working user inter- 
face is the last major component of the system. 
The 
emulation software runs in the Windows 3.X environ- 
ment, and provides the user with full display, alter, and 
control of the system under emulation. 
The Control 
Software is also universal to all microcontroller fami- 
lies. 
The Windows 3.X System is a multitasking operating 
system which will allows the developer 
to take full 
advantage of the many powerful features and functions 
of the PICMASTER system. 
PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DOE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. 
DOE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically 
transferred to a spreadsheet 
or data- 
base program for further analysis. 
Under Windows 3.X, up to eight PICMASTER emula- 
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and 
a PIC17CXX processor). 


PRO MATE Device Programmer: 


The PRO 
MATE Programmer system included in the 
PICMASTER Development System provides the product 
developer 
with the ability to program 
(transfer) 
the 
developer's software into PIC16117 microcontrollers. 


The programmer unit comes complete with accessories 
for use with a PC host computer. Supplied are interface 
cables and connectors to a standard PC serial port, 
a 
power supply unit, and host operating software. 


The PRO MATE Programmer will work in either stand- 
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 
•• 


PICMASTER Development System 


STAND-ALONE 
MODE 


Stand-alone mode is useful in situations where a PC 
may not be available or even required, such as in the 
field or in a lab production environment. In stand-alone 
mode the following programming functions are avail- 
able: 


VERIFY 


VERIFY preforms two functions. 
For a programmed 
part, the device in the programming 
socket will be 
compared to the program data stored in internal memory. 
If the data and fuse settings are correct, VERIFIED will 
be displayed. VERIFY will also confirm that erased parts 
are blank. A device in the socket will display ERASED if 
all programmable locations are blank. 


PROGRAM 


In stand-alone mode, devices inserted into the program- 
mer socket will be programmed 
with data currently 
stored in memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success- 
fUlly, PGM OKAY will be displayed. 


READ 


A pre-programmed 
device placed in the programmer 
socket can be read into the programmer unit by pressing 
the READ key. Program and fuse data will be read and 
stored into intemal memory. Various options exist with 
the READ function. 


PC HOST CONNECT MODE 


When the PRO MATE is connected to a host PC system, 
many more options and conveniences are available to 
the user. Host mode allows full interactive control over 
the PRO MATE unit. A full screen, user-friendly software 
program is provided to fUlly assist the user. 


As in stand-alone 
mode, parts may be Read, Pro- 
grammed, Blank checked, and Verified. Also, all fuses 
and ID locations may be specified. In addition, other 
features available in host-mode are: 


Editing 


A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. 
Com- 


plete program and fuse data can be loaded and saved to 
DOS disk files. Files generated by the Assembler pro- 
gram are directly loadable into programmer memory. 


Voo and VPp Adjust 


The programming environment voltage settings of Voo 
max, Voo min, and VPpcan be set and altered only on PC 
host mode. The voltage settings allow the user to pro- 
gram the part in the environment that the part will be 
used. The part will be programmed at Voo max and 
verified at Voo min. VPPis the programming voltage. 


PiC MASTER 
PROBE Specifications 


Table 1 shows the current probe specifications for the 
PICMASTER 
In-Circuit 
Emulator. 
The devices are 
supported regardless of program memory type (ROM, 
EPROM or EEPROM), process technology or voltage 
range. That is, selecting the PROBE that supports the 
PIC16C54 
(-16A) 
also 
supports 
the 
PIC16CR54, 


PIC16C54A and the PIC16LC54A devices. 
The probe 
would also support other variations as they become 
available (such as PIC16CR54A). 


TABLE 
1: 
PICMASTER 
PROBE 
SPECIFICATIONS 


PROBE 
PICMASTER 
Devices 
Maximum 
Operating 
PROBE 
Supported 
Frequency 
Voltage 


PROBE-16A 
PIC16C54, 
4 MHZ 
4.5V-5.5V 
PIC16C55, 
PIC16C56, 
and PIC16C57 
PROBE-16B 
PIC16C71 
10MHZ 
4.5V-5.5V 
PROBE-16C 
PIC16C84 
10MHZ 
4.5V-5.5V 
PROBE -160 
PIC16C54, 
20 MHz 
4.5V-5.5V 
PIC16C55, 
PIC16C56, 
PIC16C57, 
and PICl6C58 
PROBE-16E 
PIC16C84 
10MHZ 
4.5V-5.5V 
PROBE-16F 
PIC16C74 
10MHZ 
4.5V-5.5V 
PROBE-17A 
PIC17C42 
16 MHZ 
4.5V-5.5V 


SALES 
AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBER 


EM 167007 
EM167010 
EM167011 
EM167012 
EM167013 
EM167014 
EM167017 
EM167018 
EM167019 
EM167020 
EMl77001 
EMl77004 


DESCRIPTION 


Complete PICMASTER-16A 
System for PICl6C5X 
Complete PICMASTER-16A 
System for PICl6C5X 
without Programmer 
Complete PICMASTER-16B 
System for PICl6C71 
Complete PICMASTER-16B 
System for PICl6C71 
without Programmer 
Complete PICMASTER-16C 
System for PICl6C84 
Complete PICMASTER-16C 
System for PICl6C84 
without Programmer 
Complete PICMASTER-16E 
System for PICl6C64 
Complete PICMASTER-16E 
System for PIC16C64 without Programmer 
Complete PICMASTER-16F 
System for PIC16C74/C73 
Complete PICMASTER-16F 
System for PIC16C74/C73 without Programmer 
Complete PICMASTER-17 
System for PIC17C42 
Complete PICMASTER-17 
System for PIC17C42 without Programmer 


PRO MATETM 


CMOS Microcontroller Programmer Unit 


EPROM 
Programmer 
System: 


• PRO MATE Programmer unit for the PIC16CXX, 
PIC17CXX Microcontroller family. 


• Operates as a Stand-alone Unit or in Conjunction 
with a PC Compatible host system. 


• READS, PROGRAMS, and VERIFIES in Stand- 
alone mode. 


• PC Host Software provides file display and editing, 
and transfer to and from Programmer unit 


• Communication Via RS-232 


PRO MATE 
Programmer: 


The PRO MATE Programmer 
system provides the 
product developer 
with the ability to program user 
software into PIC16CXX, PIC17CXX CMOS microcon- 
trollers. 


The programmer unit comes complete with accessories 
to be used with the PC host computer. Supplied are 
interface cables and connectors to a standard PC serial 
port, a universal input power supply unit, and host 
operating software. 


The PRO MATE Programmer will work in either stand- 
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 


•• 


CMOS Microcontroller Programmer Unit 


Stand-alone mode is useful in situations where a PC 
may not be available or even required, such as in the 
field or in a lab production environment. In stand-alone 
mode the following programming functions are avail- 
able: 


VERIFY 


VERIFY performs two functions. 
For a programmed 
part, the device in the programming 
socket will be 
compared to the program data stored in internal memory. 
If the data and fuse settings are correct, VERIFIED will 
be displayed. VERI FY will also confirm that erased parts 
are blank. A device in the socket will display ERASED if 
all programmable locations are blank. 


PROGRAM 


In stand-alone mode, devices inserted into the program- 
mer socket will be programmed 
with data currently 
stored in 
memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success- 
fully, PGM OKAY will be displayed. 


READ 


A pre-programmed 
device placed in the programmer 
socket can be read into the programmer unit by pressing 
the READ key. Program and fuse data will be read and 
stored into internal memory. Various options exist with 
the READ function. 


PC HOST CONNECT MODE 


The PRO MATE provides a very user friendly user 
interface which allows complete control over the pro- 
gramming session. 


The PRO MATE host software is a DOS windowed 
environment with full mouse support to allow the user to 
point and click when entering commands. 


The Host Software communicates with the PRO MATE 
via the serial port of the PC. Any of the four (COM 1-4) 
ports may be used. 
The communication 
is done at 
19200 baud to insure fast throughput. 
Communication 
will be established with the PRO MATE Device Program- 
mer prior to any transfers taking place. 


Serialization is done by generating a serialization file, 
and then using that file to serialize locations in the PIC 
microcontroller. 
Once a serialization file is generated, it 
may be used over different 
programming 
sessions. 


Serial numbers are automatically marked as used when 
a PIC is programmed successfully with that serial num- 
ber. 


Complete control over the programming environment is 
also provided. Control over the programming and verify 
voltage of Vdd insures that the Microcontroller will per- 
form in the desired environment. 
Programming (Vpp) 
voltage is also adjustable to insure complete compatibil- 
ity with future programming algorithms. 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 


SOCKET PART NUMBER 
ACl64001 
ACl64002 
ACl64003 
AC164010 
ACl64011 
ACl64012 
ACl64013 
ACl64014 
AC174001 
AC174002 
AC174003 


DESCRIPTION 
PIC16C54 thru C5718 
& 28 Lead PDIP Socket Module 
PIC16C54 thru C5718 
& 28 Lead SOIC Socket Module 
PIC16C54/56 20 lead SSOP Socket Adaptert 
PIC16C71/8418 
Lead PDIP/SOIC Socket Module 
PIC16C55/57 28 Lead SSOP Socket Adaptert 
PIC16C64/C74 40 Lead PDIP Socket Module 
PIC16C64/C74 44 Lead PLCC Socket Module 
PIC16C64/C74 44 Lead PQFP Socket Adaptert 
PIC17C42 40 Lead PDIP Socket Module 
PIC17C42 44 Lead PLCC Socket Module 
PIC17C42 44 Lead QFP Socket Module 


PROGRAMMER PART NUMBER 
DESCRIPTION 
PG007001 
Programmer Kit as described above 
PG007002 
Programmer Kit without power supply 


Socket modules are sold separately. 


PICSTART™_16B1 


PIC16CXX Low-Cost Microcontroller Development System 


• Macro-Assembly capability. 
• Provides Object files, Listing files, Symbol files, and 
special files required for symbolic debug with the 
PIC16CXX Emulator System. 
• Output formats: INHX8S,INHX8M 
and INHX16. 


Simulator: 


o Instruction-level Simulator of the PIC16CXX 
microcontroller product family. 


o For PC-compatible systems running the MS-DOS- 
operating system. 


o Full screen simulation user interface. 


o Symbolic debugging capability. 


o 
1/0 stimulus input capability. 


"Quick Start" Sample Kit: 


o Provides the User I Developer with a sample kit of 
PIC16CXX parts for initial prototype use. 


EPROM Programmer System: 


o EPROM Programmer unit for the PIC16C5X and 
selected PIC16CXX Microcontroller family mem- 
bers. Supports 
PIC16C54, PIC16C55, PIC16C56, 
PIC16C57, PIC16C71, PIC16C84. 


o Operates with a PC-compatible host system. 
• READS, PROGRAMS, and VERIFIES EPROM 
Memory. 


o PC Host Software provides file display and editing, 
and transfer to and from Programmer unit. 


o Universal power supply 
• RS232 interface cable 


o Universal power plug adapters 


Macro Assembler: 


o Provides translation of Assembler source code to 
object code for all PIC16CXX 
microcontroller 
product family. 


MICROCHIP 
DATA BOOK 


PICSTART is a trademark of Microchip Technology 
Inc. 


MS-DOS is a registered trademark of Microsoft Corp. 
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PIC16CXX PICSTART System 


The PICSTART-16B1 
Development System provides 


the product development 
engineer with an alternative 


low-eost introductory microcontroller design tool set for 
the PlC16CXX family where full real-time emulation is 
not required. 
The equipment in the PICSTART-16B1 
system operates on any PC compatible machine run- 
ning the MS-DOSlPC-DOS 
operating system. 


Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, and a macro assembler program (MPALC). 


Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX micro- 
controller line. 


The user need only provide his or her own preferred text 
editor and the system is ready for development of end 
products using the PlC16C54, PIC16C55, PIC16C56, 
PlC16C57, PlC16C71 or PIC16C84 microcontrollers. 


A 'Quick Start' PlC16CXX Product Sample Pak contain- 
ing user programmable parts is also included. 


Microchip provides additional customer support to de- 
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS. 


PICSTART-16B1 Development 
Programmer: 


The Microchip device programmer system included in 
the PICSTART-16B1 
Development 
System provides 
the product developer with the ability to program user 
software into PlC16CXX EPROM microcontrollers. 
It is 
designed to be a development 
programmer and not 
recommended for use in a production environment. 


The programmer unit connects to a standard PC serial 
port. 


A full screen, user-friendly software program is provided 
for full interactive control over the programmer. Parts 
may be Read, Programmed, Blank checked and Veri- 
fied. Also, all fuses and ID locations may be specified. 


A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. 
Com- 
plete program data can be loaded and saved to DOS 
disk files. Files generated 
by the MPALC Assembler 
program are directly loadable into programmer memory. 


MPSIM Simulator: 


The MPSIM Simulator program provides the developer 
with an instruction and limited I/O simulator software 
program for debugging PlC16CXX assembler code. 


The simulator is meant for use with smaller projects not 
requiring precise more extensive development 
equip- 
ment. Since the PlC16CXX architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications 
can be developed 
by using a simulator 


program alone. 


The MPSIM Simulator has the following features to 
assist in the debugging of software/firmware 
for the 
user. 


Program 
Load/Save 


Commands exist to load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 


Display & Alter 


Provisions 
are made to display 
and alter Program 
Memory, Register Files, and status register bits. Also 
simulator information such as cycle times, elapsed time, 
and step count can be displayed. 


Utility 
Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurances of instructions, register use, and ASCII data. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci- 
fied address ranges. 


Symbolic 
Debugging 


The simulator provides for symbolic referencing to aid 
and simplify debugging. 
The symbol table may be 
displayed. New symbols defined and unwanted symbols 
deleted. 


Execution 
and Trace 


During program execution, address ranges, registers, 
register contents, and others can be traced. 


Breakpoints 


The user may specify up to 512 breakpoints at anyone 
time. 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part number, and refer to the 
listed sales offices. 


PART NUMBER 


DV163003 


DESCRIPTION 


PICSTART-16B1 
DEVELOPMENT SYSTEM 


PICSTARTTM_16C 


PIC16CXX Low-Cost Microcontroller Development System 


o Macro-Assembly capability. 


o Provides Object files, Listing files, Symbol files, and 
special files required for symbolic debug with the 
PIC16CXX Emulator System. 


o Output formats: INHX8S, INHX8M and INHX16. 


Simulator: 


o Instruction-level Simulator of the PIC16CXX 
microcontroller product family. 


o For PC-eompatible systems running the MS-DO~ 
operating system. 


o Full screen simulation user interface. 


o Symbolic debugging capability. 


o I/O stimulus input capability. 


"Quick Start" Sample Kit: 


Provides the User I Developer with a sample kit of 
the supported PIC16CXX parts for initial prototype 
use. 


EPROM Programmer System: 


o EPROM Programmer unit for the PIC16CXX 
Microcontroller family. 
Supports the PIC16C64 and 


the PIC16C74. 


• Operates with a PC-eompatible host system. 
• READS, PROGRAMS, and VERIFIES EPROM 
Memory. 
• PC Host Software provides file display and editing, 
and transfer to and from Programmer unit. 


• Universal power supply 


o RS232 interface cable 
• Universal power plug adapters 


Macro Assembler: 


o Provides translation of Assembler source code to 
object code for all PIC16CXX 
microcontroller 
product family. 


MICROCHIP 
D4TA BOOK 


PICSTART is a trademark 
of Microchip Technology 
Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 
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PIC16CXX PICSTART System 


The PICSTART-16C Development System provides the 
product development engineer with an altemative low- 
cost introductory microcontroller design tool set for the 
PIC16CXX family where full real-time emulation is not 
required. The equipment in the PICSTART -16C system 
operates on any PC compatible machine running the 
MS-DOSlPC-DOS operating system. 


Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, and a macro assembler program (MPASM). 


Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX micro- 
controller line. 


The user need only provide his or her own preferred text 
editor and the system is ready for development of end 
products using the PIC16C64 or the PIC16C74. 


A "Quick Start" PIC16CXX Product Sample Pak contain- 
ing user programmable parts is also included. 


Microchip provides additional customer support to de- 
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS. 


PICSTART-16C Development 
Programmer: 


The Microchip device programmer system included in 
the PICSTART -16C Development System provides the 
product developer with the ability to program user soft- 
ware into PIC16CXX EPROM microcontrollers. 
It is 
designed to be a development 
programmer and not 
recommended for use in a production environment. 


The programmer unit connects to a standard PC serial 
port. 


A full screen, user-friendly software program is provided 
for full interactive control over the programmer. Parts 
may be Read, Programmed, Blank checked, and Veri- 
fied. Also, all fuses and 10 locations may be specified. 


A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. 
Com- 
plete program data can be loaded and saved to DOS 
disk files. Files generated by the MPASM Assembler 
program are directly loadable into programmer memory. 


The MPSIM Simulator program provides the developer 
with an instruction and limited I/O simulator software 
program for debugging PIC16CXX assembler code. 


The simulator is meant for use with smaller projects not 
requiring precise more extensive development equip- 
ment. Since the PIC16CXX architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications can be developed 
by using a simulator 
program alone. 


The MPSIM Simulator has the following features to 
assist in the debugging of softwarelfirmware 
for the 
user. 


Program Load/Save 


Commands exist to load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 


Display & Alter 


Provisions 
are made to display 
and alter Program 
Memory, Register Files, and status register bits. Also 
simulator information such as cycle times, elapsed time, 
and step count can be displayed. 


Utility 
Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurances of instructions, register use, and ASCII data. 


Disassembler 


Program memory can be disassembled 
showing both 
hexadecimal data and instruction mnemonics for speci- 
fied address ranges. 


Symbolic 
Debugging 


The simulator provides for symbolic referencing to aid 
and simplify debugging. 
The symbol table may be 
displayed. New symbols defined and unwanted symbols 
deleted. 


Execution 
and Trace 


During program execution, address ranges, registers, 
register contents, and others can be traced. 


Breakpoints 


The user may specify up to 512 breakpoints at anyone 
time. 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 


PART NUMBER 


DV163002 


DESCRIPTION 


PICSTART-16C DEVELOPMENT 
SYSTEM 


PICDEM-I 


The PICOEM-I is a simple board which demonstrates 
the capabilities of several Microchip's microcontrollers. 
The 
microcontrollers 
supported 
are: 
PIC16CSX 
(PIC16CS4 to PIC16CS8), PIC16C71, PIC16C84 and 
PIC17C42. All necessary hardware is included to run 
basic demo programs, which are supplied on a 3.S' disk. 
The users can program the samples 
(one each of 
PIC17C42, PIC16C71 and PIC16CSS) provided with the 
PICOEM-I, on a PRO MATpM 
or PICSTARpM 
pro- 
grammer and easily debugltest the sample code, or the 
user can connect the PICOEM-I with the PICMASTER 
emulator and download the sample code to the emulator 
and debug/test the code. Additionally, a generous 200- 
hole prototype area is available for the user to build 
some 
additional 
hardware 
and 
connect 
it to the 
microcontroller socket(s). 


• 
40-pin, 28-pin and 18-pin Precision sockets for all 
supported microcontrollers. 


• 
On board +SV regulator and filter rectifier for direct 
input from 9V AC/OC wall adapter. 


• 
RS232 socket and associated hardware for direct 
connection to RS232 interface. 


• 
SK pot to simulate analog input for PIC16C71. 


• 
Three push button Key for external stimulus and 
RESET. 


• 
Eight bright LEOs connect to PortS, help in displaying 
8-bit binary values on PortS. 


• 
Socket for "canned" crystal Oscillator. 


• 
Unpopulated holes provided for Xtal connection 


• 
Jumper to disconnect on board RC Oscillator. 


• 
200-hole prototype area for user's hardware . 


• 


PICDEM-I 


Software: 


• 
Program for PIC16C71 to demonstrate on-ehip AID 
features. 


• 
Program 
for PIC16C84 
to demonstrate 
on-ehip 
EEPROM. 


• 
Program 
for PIC17C42 
to demonstrate 
on-ehip 
USART. 


• 
Program for PIC16C5X to demonstrate 
key input 


capability. 


• 
All demo programs supplied on 3.5' disk, 


• 
Additional programs available on Microchip's BBS. 


• 
A comprehensive 
User's Guide with easy to follow 


step-by-step Getting Started and a Tutorial. 


• 
Schematics for the entire circuit. 


Three UV erasable devices supplied: 


• 
PIC17C42 


• 
PIC16C71 


• 
PIC16C55 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 


PART NUMBER 


DM163001 


DESCRIPTION 


LOW-COST DEMONSTRATION 
BOARD FOR 


PIC16C5X, PIC16C71, PIC16C84 AND PIC17C42 


MPASM Universal Assembler 


This product brief describes the technical aspects of the 
PICl6117 Assembler developed by Byte Craft Limited 
and distributed by Microchip Technology. 
The MPASM 
Cross Assembler is a PC hosted symbolic assembler. It 
supports 
all 
microcontroller 
series, 
including 
the 
PIC16C5X, PIC16CXX and PIC17CXX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development 
tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the Micro- 
chip Universal Emulator System (PICMASTER). 


MPASM will run on any IBM PCIXT"', AT"orcompatible 
computer running DOS 4.1 or later. 
The distribution 
media is 3 1/2', 
low density (720K) floppies. 
It is 
distributed 
at the root level, and may be executed 
directly from the floppy. 


No special display or ancillary devices are required. 


MPASM supports 
the 
12-bit PIC16C5X, 
the 14-bit 
PIC16CXX, and the 16-bit PIC17CXX cores. 


All instructions are single-word and single-eycle, except 
for branches, which execute in two cycles. Most instruc- 
tions operate on one or more operands. 


MPASM have the following features to assist in develop- 
ing software for specific user applications: 


• 
Provides translation 
of Assembler 
source code to 
object code for all Microchip microcontrollers. 


• 
Macro Assembly Capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


• 
Output formats: 
INHX8S, 
INHX8M, 
INHX32 and 
relocatable objects. 


MPASM 
provides a full featured 
directive 
language 
represented by four basic classes of directives: 


• 
Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


• 
Listing 
Directives 
control the MPASM listing dis- 


play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 


• 
Control 
Directives 
permit sections of conditionally 
assembled code. 


• 
Macro 
Directives 
control the execution and data 
allocation within macro body definitions. 


MPASM 
supports 
the entire 
instruction 
set of the 
PIC16C5X, PIC16CXXand PIC17CXX microcontrollers, 
as represented in the following four classes of instruc- 
tions: 


• 
Data Move Operations 


• 
Arithmetic and Logical Operations 


• 
Bit Manipulation Operations 


• 
Special Control Operations 


The Microchip microcontroller set is used to operate on 
data located in any of the file registers, including the I/O 
registers. 
There are: 


• 
Data Transfer Operations 


• 
Logical Operations 


• Rotate Operations 


MPASM provides bit level file register operations to 
manipulate and test individual bits in any addressable 
register, literal and control operations permitting opera- 
tions on literals and brapches to subroutines in program 
memory. 


The Microchip 
microcontroller 
instruction 
sets allow 
read and write of special function registers such as the 
PC and status registers. 
• 


MPASM Universal Assembler 


MPLINK supports the linking of multiple relocatable 
objects created by MPASM into a single absolute hex 
file, suitable for simulating, emulating, and program- 
ming. MPLINK supports the hex outputs supported by 
MPASM and absolute listing file. 


MPLIB provides the ability to group several relocatable 
objects into a logical collection, in one file. 
Libraries 
created by MPLIB can be referenced by MPASM. Only 
those objects required by the linking phase are included 
in the resulting hex output. 


~ 
MICROCHIP MPALC Cross Assembler 


This product brief describes the technical aspects of the 
Microchip Assembler (MPALC) developed by Microchip 
Technology Incorporated. 


The MPALC Cross Assembler is a PC hosted symbolic 
assembler. 
It supports the PIC16C5X and PIC16CXX 
microcontroller series. 


MPALC offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing fonnats. 
It generates various object code fonnats to support 
Microchip's development tools as well as third party 
programmers. 


MPALC will run on any IBM PCIXl"', AT"or compatible 
computer, running DOS 3.31 or later. The distribution 
media is 31/2", low density (720k) floppies. It is distrib- 
uted at the root level, and may be executed directly from 
the floppy. 


No special display or ancillary devices are required. 


MPALC supports the 12-bit PIC16C5X and the 14-bit 
PIC16CXX cores. The 12-bit core has 33 instructions, 
the 14-bit core has 35. 


All instructions in both instruction sets are single-word 
and single-eycle, except for branches, which execute in 
two cycles. 
Most instructions operate on one or more 
operands. 


MPALC 
has 
the 
following 
features 
to assist 
in 
developingsoftware 
for specific user applications: 


• 
Provides translation of Assembler 
source code to 
object code for PIC16C5X and PIC16CXX Microchip 
micro-controllers. 


• 
Macro Assembly capability 


• 
Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


• 
Output fonnats: INHX8S, INHX8M and INHX16. 


• 
Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPALC provides a full-featured directive language rep- 
resented by the following four classes of directives: 


Data Directives 
are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 


Listing 
Directives 
control the MPALC listing fonnat. 


They allow the specification of titles, subtitles, page 
ejects and other listing controls. 


Control 
Directives 
pennit sections of conditionally 
assembled code. 


Macro 
Directives 
control the execution and data 
allocation within macro body definitions. 


MPALC 
supports 
the entire 
instruction 
set of the 
PIC16C5X and PIC16CXX micro-controllers, as repre- 
sented in the following four classes of instructions: 


• 
Data Move Operations 


• 
Arithmetic and Logical Operations 


• 
Bit Manipulation Operations 


• 
Control Operations 


The Microchip microcontroller instruction set is used to 
operate on data located in any of the file registers, 
including the 1/0 registers. There are: 


• 
Two data transfer operations 


• 
Six arithmetic operations (the PIC16CXX series pro- 
vides two more). 


• 
Six logical operations 


• 
Three rotate operation 


MPALC provides bit level file register operations to 
manipulate and test individual bits in any addressable 
register, literal and control operations permitting opera- 
tions on literals and branches to subroutines in program 
memory. 


The PIC16C5X and PIC16CXX instruction sets allow 
read and write of special function registers such as the 
PC and status registers. 


•• 


MPALC Cross Assembler 


MPSIM Simulator 


MPSIM is a discrete event simulator software applica- 
tion designed to imitate operation of the PlC16C5X and 
PIC16CXX microcontrollers. 
It allows the user to debug 
software that will use any of these microcontrollers. 


At any instruction boundary, you may examine and/or 
modify any data area within the processor, or provide 
extemal stimulus to any of the pins. MPSIM gives you 
a solid, low cost, source-level debug tool to help you 
through the early design verification stages of you project. 


MPSIM requires an IBM PCt?<T-, AT" or compatible 
computer running DOS version 3.31 or later. The PC 
needs a 3 1/2:'floppy disk drive and at least 256K of main 
memory; MPSIM.EXE occupies roughly 150K. Recom- 
mended is a hard disk drive with 5 Mb of available 
storage. 


The MPSIM Simulator program provides the developer 
with an instruction and limited I/O simulator software 
program for debugging Microchip microcontroller 
as- 
sembler code. 


The simulator is meant for use with smaller projects not 
requiring precise, more extensive development equip- 
ment. Since the PIC 16C5X architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications 
can be developed 
by using a simulator 
program alone. 


The PlC16CXX family supports various peripherals and 
interrupt strategies. These interrupts can be simulated 
but certain peripheral functions (such as AID conver- 
sions) are not. 


The MPSIM Simulator has the following 
features to 
assist in the debugging of software / firmware for the 
user: 


Program Load I Save 


Commands existto load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 


Provisions 
are made to display 
and alter Program 
Memory, Register Files and status register bits. Also, 
simulator information such as cycle times, elapsed time, 
and step count can be displayed. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci- 
fied address ranges. 


Utility Functions 


Various utility functions exist which assist the user in 
operating the simulator. 
Memory and registers can be 
cleared by command. 
Memory can be searched to find 
occurrences 
of instructions, 
register 
use and ASCII 
data. 


Symbolic Debugging 


The simulator provides for symbolic referencing to aid 
and simplify debugging. 
The symbol table may be 
displayed. 
New symbols defined and unwanted sym- 
bols deleted. 


Execution and Trace 


During program execution, a number of items can be 
traced. Address ranges, registers and register contents 
and others. 


Breakpoints 


The user may specify up to 512 breakpoints at anyone 
time. 


Assembler Support 


MPSIM supports both the Microchip MPALC and the 
MPASM Universal Assembler. 
• 


MPSIM Simulator 


MP-C 


MP-C Code Development System 


MP-C CODE DEVELOPMENT 
SYSTEM 
FOR PIC16/17 


This product brief describes the technical aspects of the 
MP-C Code Development System for PIC16/17 micro- 
controllers developed by Byte Craft Limited. 


The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip's PIC16/17 family of microcontrollers. 
The 


compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display (emu- 
lator software versions 1.13 and later). 


MP-C is fast and efficient. 
You can quickly produce 
stand-alone 
single-chip 
microcontroller 
applications. 
These, taken with its other advantages make the Byte 
Craft MP-C Code Development System the first choice 
in intelligent compiler technology. 


MP-C Requirements 


The compiler 
will 
run on any 
IBM 
PC-, 
PCIXT", 
PC/AT" or compatible computer, running DOS 4.1 or 
later. The distribution media is 3~", low density (720k) 
floppies. It may be executed directly from the floppy, or 
copied to your hard drive to execute more conveniently. 


MP-C Code Development System Features 


MP-C 
supports 
the 
12-bit 
PIC16C5X, 
the 
14-bit 
PIC16CXX, and 16-bil PIC17CXX cores. 
It is a rule- 
based compiler with expert systems tailored for each of 
these platforms for optimal efficiency. 


The compiler generates executable code directly from 
the compile process. There is no need for an extra step 
to assemble code generated by the compiler. 


MP-C has the following features to assist in developing 
PICl6117 software for specific user applications: 


Provides Object, Listing, Symbol and special files 
required for debugging with other Microchip Devel- 
opment systems. 


Supports interrupt routines 


Checks source against target hardware definitions 


Generates efficient, tight object code 


Includes a linker and built-in macro assembler 


• 
'C' enhancements specific to the PICl6117 families' 
instruction sets 


• 
Output formats: INHX8S, INHX8M, and INHX32. 


MP-C Microprocessor 
Specific Extensions 


The MP-C Code Development System includes com- 
mon 'C' enhancements 
such as ROM arrays, binary 
constants and case statements together with functions 
specific to the PICl6117 architecture. 


• 
Binary Constants 
ofthe form Ob010111Owhich are 
logical extensions to the conventional Ox1a3b style 
of hexadecimal constants. You may also use OB as 
leading characters. 


• 
Case 
Statements 
are 
supported 
well 
by the 
PIC 16/17 instruction set and the compiler provides a 
superset of the standard 'C' case statement. 
For 
example, case 4,5:, case '0'..'9', and complex case 
statements are allowed. 


• 
Processor 
Specific 
Functions 
that are specific to 
the 
PIC16/17 
family. 
For example 
NOPO and 
SLEEPO produce the equivalent PICl6117 instruc- 
tion. 


• 
"At" 
or @ Extension 
allows you to fix a variable to 
a specific address in memory, for example: int N 
@ 
OxOC. 


The MP-C Code Development System is supplied and supported directly by Byte Craft Limited of Waterloo, Ontario. 


If you have any questions please contact their technical support personnel at (519)888-6911, or fax your questions 
to (519)746-6751. 


•• 


MP-C 


fuzzyTECH®/MCU-MP 


juzzyTECHlMCU-MP 
for PIC16/17 


fuzzyTECH/MCU-MP 
EDITION FOR 
MICROCHIP 
PIC16/17 


This product brief describes the technical aspects of the 
fuzzyTECH-MP 
Fuzzy Logic Development System for 
PIC16/17 
microcontrollers 
developed 
by INFORMTM 
Software Corporation specifically for Microchip Tech- 
nology. 


The fuzzyTECH-MP Development System comes intwo 
versions. The first, the Explorer edition, contains every- 
thing you need for a comprehensive working knowledge 
about fuzzy-logic system design. 
It is easy-to-use, all 
graphic editors and tools guide you step-by-step through 
the development 
phases of fuzzy systems. 
The Ex- 
plorer edition supports two input variables 
and one 
output variable. 


The full featured version offers all of the capabilities of 
the Explorer edition, plus it has the additional flexibility of 
eight input variables and four output variables for de- 
signing more complex systems. 
The full features are 
enabled with a parallel key lock. 


Both systems generate assembly code compatible with 
the MPASM, Microchip's Universal Assembler, that can 
be integrated into your application. Examining this code 
provides you with further insights into the fabrics of fuzzy 
logic systems. 


fuzzYTECH-MP System Requirements 


fuzzyTECH-MP will run on any IBM PC- (386 or higher) 
or compatible computer, running DOS 4.1 or later, and 
MS-WindowS- 3.0 or later. 
Because fuzzyTECH-MP 
makes extensive use of graphics, a color graphic moni- 
tor (VGA) is required, and higher resolutions of 800 x 600 
or 1024 x 768 are recommended. 


What Is Fuzzy Logic? 


Fuzzy logic is a technology that enhances mode-based 
system designs using both intuition and engineering 
heuristics. 
Fuzzy logic uses elements 
of everyday 
language to represent desired system behavior, thus 
circumventing the need for rigorous mathematical mod- 
eling. 


It is an efficient way of designing, optimizing and main- 
taining highly complex systems transparently. 


fuzzyTECH is a registered trademark of INFORM Software Corporation. 
INFORM is a trademark 
of INFORM Software Corporation. 
IBM-PC is a registered trademark of IBM Corporation. 
Windows is a registered trademark of Microsoft Corporation. 


Fuzzy Logic Applications 


Fuzzy logic finds its home in unique applications: 


• 
When no adequate mathematical model for a given 
problem is readily apparent. 


• 
When non-linearities, 
time constraints 
or multiple 
parameters exist. 


• 
When engineering know-how about the given prob- 
lem is available or can be acquired during the design 
process. 


The fuz.nITECH-MP Implementation 


fuzzyTECH-MP 
provides the following 
standard fea- 
tures: 


• 
Windows Compatible with full graphical user inter- 
face 


• 
8-lnput variables (2 for the Explorer version) 


• 
4-0utput variables (1 for the Explorer version) 


• 
8-Bit resolution on input and output variables 


16-Bit computation resolution for the PIC 16CXX and 
PIC17CXX microcontrollers 


• 
No theoretical limit on rules, antecedents and linguis- 
tic conjunctions (chip limitations will place a practical 
limit on these) 


• 
MAX-MIN and MAX-DOT inference methods 


• 
CoM and MoM defuzzification methods 


• 
MPASM Compatible 


• 
PICMASTER Compatible 


fUzzYTECH-MP 


fuzzyTECH-MP isavailable directly from Microchip Tech- 
nology and its authorized distributors. 
Contact your 
local sales office for more information. • 


fuzzyTECH 


To order 
or to obtain 
information, 
e.g., on the pricing 
or delivery, 
please 
use the listed 
part numbers, 
and refer to the 
listed 
sales 
offices. 
PART NUMBER 


SW005003 
SW005004 


DESCRIPTION 


FUZZY TECH-MP EXPLORER 
FUZZY TECH-MP FULL FEATURED 


TOTAL ENDURANCETM 


'fHr 
l dit 
(.fbph 
ttf1tl 


~11l1A1 HPIlON 
rllDUIlANCl 
PAIlAME (EllS 


O£VlCE 
!J3M.hG 
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• IBM- PC compatibility 


• WindowS- 
3.1 or DOS 3.1 compatibility 


• Automatic 
or manual 
recalculation 


• Real-time 
update of data 


• Full-screen 
or windowed 
graphical 
view 


• Hypertext 
on-screen 
help 


• Key or slide-bar 
entry of parameters 


• On-screen 
editing 
of parameters 


• Single-click 
copy of plot to clipboard 


• Numeric 
export to delimited 
text file 


• On-<Jisk Endurance 
Tutorial 


• DOS 3.1 or higher 


• Windows 
3.1 


• 
1MB memory 


• '386 or '486 processor 
recommended 


• Math coprocessor 
recommended 


• Microchip 
2-wire 24CXXl24LCXXB/85CXX 


• Microchip 
3-WIRE 
93CXXl93LCXX 
Series 


• Microchip 
4-wire 59C11 


Total Endurance is a trademark of Microchip Technology Inc. 
IBM PC is a registered trademark of IBM Corp. 
Windows is a registered trademark of Microsoft Corp. 


•• 


Microchip's 
revolutionary 
Total Endurance disk pro- 
vides electronic systems designers with unprecedented 
visibility into Serial EEPROM-based applications. 
This 
advanced 
software model (with a very friendly user 
interface) eliminates time and guesswork from Serial 
EEPROM-based 
designs by accurately predicting the 
device's performance and reliability within a user-de- 
fined application environment. 
Design trade-off analy- 
sis which formerly consumed days or weeks can now be 
performed 
in minutes, with a level of accuracy that 
delivers a truly robust design. 


Users may input the following application parameters: 


• Serial EEPROM device type 


• Bytes to be written per cycle 


• Cycling mode - byte or page 


• Data pattern type - random or worst-case 


• Temperature in °C 
• EraselWrite cycles per day 


• Application lifetime or target PPM level 


The model will respond with FIT rate, PPM level, appli- 
cation life and a plot of the PPM level vs. number of 
cycles. 
The model is available in both DOS and Win- 
dows versions. 


Microchip's research into the EraselWrite endurance of 
Serial EEPROMs has resulted in the conclusion that 
endurance 
depends upon three primary effects: the 
physical properties of the EEPROM cell, the internal 
error-eorrection technology employed, and the applica- 
tion environment. 
EEPROM endurance specified as a 
"typical" value in device data sheets must therefore be 
evaluated on a case-by-ease basis, taking into account 
the manner in which the device will be used in the 
application. 
The Microchip Total Endurance software 
applies the user-defined application 
parameters to a 
complex mathematical model in order to emulate the 
EEPROM's performance and reliability in the system. 


The user has simply to choose 
a Microchip 
serial 
EEPROM device from the device-list menu and begin 
entering the application parameters. The entire process 
can take literally seconds to complete, and the model will 
output the PPM level and FIT rate of the device vs. the 
number of EraselWrite cycles. If the user has specified 
an application lifetime, the model will output PPM and 
FIT rates at that point in time. Alternately, the user may 
input a desired PPM level and the model will calculate 
the application lifetime which will result in that survival 
rate. The user may then trade-off any of the parameters 
(device type, voltage, application life, temperature, # of 
bytes per cycle, # of cycles per day etc.) to arrive at an 
optimal solution for the intended application. 


The accuracy of the Microchip Total Endurance model 
has been verified against test data to within ten percent 


. of the actual values. 
However, Microchip makes no 
warranty as to its accuracy or applicability ofthe informa- 
tion to any given application. It is intended to be used as 
a guide to aid designers 
of Serial EEPROM-based 
systems in performing trade-off analysis and developing 
robust and reliable designs. 
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Product Quality 


Microchip Technology Inc. has evolved a culture where 
a commitment to quality is an integral part. By empow- 
ering every employee to be responsible forthe quality of 
their work, the entire corporation is involved inthe quality 
process. This interaction creates an environment for 
continuous improvement throughout the organization. 
The benefits of the system are then not only enhanced 
product quality and reliability but also product services. 


Integrating an Ideal 


Microchip's quality programs and business plan are 
vertically integrated and touch all levels of the company. 
From the top down, the President and CEO actively 
leads programs to ensure continuous improvement is a 
perpetual process. 
Improvement 
and cross functional 
teams work to enhance performance at every depart- 
ment level. 
Incorporating the improvement objectives 
into the business plan creates a unity of purpose and 
mandates that the two merge as one measurement. 


Determination to be the Best 


A fundamental concept at Microchip is the commitment 
to continuous 
improvement. 
All areas are constantly 
looking for ways to improve every aspect of the com- 
pany. This has allowed products and processes to 
become world class in quality and reliability. These 
programs are the foundation for success. 


All the products manufactured at Microchip make use of 
a common N-Well CMOS baseline process to which 
modules are added in order to create the specific func- 
tions required by the product (EEPROM, 
Microcon- 
troller, Logic and EPROM). 


The baseline process, which has been in Manufacturing 
for the last 8 years, uses minimum dimensions of 1.5I1m, 


360A gate oxide thickness, N+ doped polysilicon gates 
and arsenic implanted source-drain diffusions for the N- 
channel devices. 


A more advanced process uses minimum dimensions of 
111m,250A gate oxide thickness, polycide gate and LDD 
junction for the N-ehannel devices. A double level metal 
modules can be added to both processes. 


All of these devices utilize a proprietary passivation 
suitable for a wide variety of package types. Microchip's 
processes 
have been developed 
with reliability 
and 
manufacturability as their primary goals. 


Microchip's CMOS floating gate EEPROM technology 
produces a non-volatile memory cell by storing or re- 
moving charge from the floating gate. Charge is trans- 
ferred bidirectionally 
to the floating gate by Fowler- 
Nordheim tunneling through a sub-10 nm oxide over the 
drain of the transistor. This technology 
produces 
a 
memory cell with a typical endurance of > 106 cycles and 
greater than 10 years of data retention. (See EEPROM 
application note for details). 


This technology uses a non-volatile memory cell which 
stores charge on a self aligned floating gate. Electrons 
are provided to the floating gate via hot electron injection 
from the drain depletion region. Each byte can typically 
be programmed in 100 microseconds, and can retain 
that data for more than 10 years with unlimited reads. 
Block erasing is accomplished with a high intensity UV 
source through the package window. 
Windowed parts 
can be erased and reprogrammed more than 100 times. 


Microcontroller and Logic 


Logic products 
are built on a variety 
of Microchip's 
processes 
and their derivatives. 
These 
products 
have process 
modules for production 
of controllers 
that feature 
ROM, Analog, 
EPROM, and EEPROM. 
By utilizing 
the standard 
processing 
modules, 
the 
designs meld these technologies 
and their flexibility 
while maintaining the high quality and reliability stan- 
dards expected. 


Design for Quality and Reliability 


Product reliability is designed into all Microchip pro- 
cesses and products. 
Design margins are established 
to guarantee every product can be produced economi- 
cally, error-free and within the tolerances of the manu- 
facturing process. 
Product Introduction Teams repre- 
senting manufacturing, engineering, quality and product 
divisions ensure that exacting standards are met for 
each specific product. 


Product Quality 


Documentation 
and Procurement 
Specifications 


Microchip's documentation control program assures the 
correct and current document always is available at the 
point of use. Active documents are revision coded and 
serialized. 
Procurement specifications bear the same 
requirements. 
These document control procedures, 
which are common in the industry for military and high 
reliability products, are employed by Microchip, system 
wide. 


In Line Controls 
and Process 
Assessment 


Product integrity is assured by sampling and inspection 
plans performed 
in line. 
This enables Microchip to 
control and improve product quality levels as product 
moves through the manufacturing operation. Microchip's 
acceptance sampling plans in assembly emphasize the 
attempt to eliminate defective product as it is discov- 
ered. 
Acceptance and sampling plans are based on 
proprietary low fraction defective «l000ppm) 
quality 
statistics. 


To determine whether a process is within normal manu- 
facturing variation, statistical techniques are put to work 
at selected 
process steps. 
In-process controls 
are 
performed by operators in the wafer fabrication 
and 
assembly operations. 
Operators take immediate cor- 
rective action if a process step is out of its control limit. 
Through these in-line controls the true capability of a 
process is generated. 
(See Appendix A - Controls) 


Control of Customer Quality is attained through a statis- 
tical program based on minimum defect capability lev- 
els. These levels are defined as the error levels associ- 
ated with the circuit design and science limitations of the 
chemistry and physics of processing. 


Material controls 
prevent defective piece parts from 
getting into the line. 
Microchip's assembly material 
control sample plan is typical of the emphasis placed on 
safeguards. 
(See Appendix B - Material Controls). 


Testing 
for Margin 


Microchip conducts a product's initial test under strin- 
gent requirements. All quality assurance tests are run to 
tighter limits than customer specifications. As part of an 
outgoing quality assurance program, products are tested 
at least two machine tolerances tighter than those limits 
specified by the customer on every parameter. 
Margin 
testing accounts for normal tolerances of any particular 
test system and provides the assurance that Microchip's 
products meet a customer's specifications. 


Variation 
from 
Expectation 


Microchip works to make variation from target as small 
as possible. The better process is the one that holds the 
narrowest dispersion. 
Processes are targeted to main- 
tain Cpk's of >1.5 and currently have typical values of 
>2.0. Higher process capability values are continually 
strived for indicating that better process control is being 
obtained. 


Outgoing 
Quality 


Quality Control samples all outgoing product from final 
testing. 
These samples measure in line defect levels 
after screens have been applied. 
Root cause analysis 
follows, initiating technical change to effect continuous 
improvement. 


Programmability 
Yield 


Using programmable devices adds a complexity to the 
Quality Level interpretation. It is not unlikely that some 
programmable devices will not program. The program- 
mability yield is dependent on (but not limited to): pro- 
grammers, technology, array size, and handling. 


Any device that does not program property will not be 
used in the end system. Therefore, 
programmability 
yields should not be used to calculate AQLs. 


For convenience, 
Microchip offers programming 
ser- 
vices for certain devices. This service is an advantage to 
the customer since it not only eliminates programmabil- 
ity rejects, but also reduces the handling of the parts. 
See the individual data sheets for details on our Quick- 
Turnaround-Production 
(QTP) service. 


Process 
Qualification 


No priority is more important than the one where pro- 
cesses under which Microchip products are built operate 
without fail. All products are stressed beyond normal use 
limits when undergoing high temperature operating life 
and retention bake tests. This is done to ensure that the 
devices meet the strictest reliability guidelines and will 
maintain industry low failure rates. 


Package 
Qualification 


Package qualification measures a component's ability to 
withstand extreme thermal and mechanical stresses. All 
products are stressed to high level industrial specifica- 
tions to ensure reliability. 


Ongoing 
Sampling 
of Key Reliability 
Variables 


Microchip conducts accelerated mechanical tests, oper- 
ating life tests and memory retention tests to explore the 
many ways failures might occur. 
Data obtained from 
continuous testing is used to identify potential reliability 
problems and for defining action courses to improve 
product. Microchip's reliability knowledge is shared with 
customers. 
This data is available for use in customer's 
own quality and reliability improvement programs and is 
published in regular quarterly and yearty reports. 


Reliability is the probability of a system or circuit per- 
forming its predefined function adequately under spe- 
cific conditions for a given period of time. 
Thus, the 


reliability of a microcircuit is a function of both stress 
conditions and the time of operation. 


The reliability (or probability of survival) range runs from 
o (no chance of survival) to 1 (no chance of failure). 
Current microelectronic circuits are manufactured and 
controlled 
to such tight specifications 
that reliability 


figures for the total operation time approaching 1 (Le., 
0.9999) are common. 
As a result, the complement of 


reliability, or the failure probability, is more often quoted 
in current literature. 


The failure rate isthe rate at which failures occur on units 
surviving to a specific number of hours of operation. 
Failure rates per unit circuit-hour would generally be 
very small. 
To avoid reporting such small numbers, 
failure rates have been defined for greater circuit-hours. 
One thousand circuit-hours 
is defined as one circuit 


operating 
for one thousand 
hours, or 1,000 circuits 


operating for 1 hour, etc. The numbers of circuit-hours 
is the number of circuits multiplied by the number of 
operation hours for each circuit. 


Two methods to define failure rate are commonly used: 


• Percent failures per thousand circuit-hours 


• Absolute failures per 10" circuit-hours, or FITs. 


Note that a failure rate of 0.0001 "1011 000 hours and 1 FIT 
are equivalent numbers. 


Bathtub Curve: Failure Rate Over Time 


The generic representational 
graph of failure rate vs. 


time takes the shape of a bathtub curve. (Figure 1). 


The early failure rate (infant mortality) period starts from 
initial operation (time To) and decreases as time goes 
on. 


Time T1 signifies the end of the infant mortality period. 
The next phase of the curve occurs between time T1and 
T2. This long period of time is distinguished by a nearly 
constant and very low failure rate. AfterT2 is passed, the 
failure rate starts to increase slowly. This last phase of 
failure rate vs. time is known as the wear-out period. 


Product Quality 


Temperature 
Dependency 


In order to establish failure rates in a reasonable time, it 
is necessary to accelerate the incidence of the failure 
modes. Higher environmental stress levels than those 
encountered under normal conditions are needed. The 
accelerating parameter most employed is junction tem- 
perature, although voltage and humidity, for example, 
are also used. 
Higher temperatures 
are capable of 


accelerating many common failure modes dramatically. 


Arrhenius 
Equation 


A number of mathematical models were developed to 
quantify the relationship between accelerated 
failure 
rates and increased junction temperatures. 
The one 


model most commonly 
used employs the Arrhenius 


Equation. 
It is as follows: 


EA ~1 
1J 
AF = 8", where x= - 
--- 
K 
TN TA 


AF = Acceleration Factor (non-dimensional) 


e 
= 2.718281828 
... (non-dimensional constant) 


EA = Activation energy level (electron volts) 


k 
= Boltzmann's 
constant 
= 8.6172 
x 
10-s 


(electron-volts/degree 
Kelvin) 


TN = Normal junction temperature (degrees Kelvin) 


TA = Accelerated junction temperature (degrees 


Kelvin) 


Thus, the time to achieve a certain probability of failure 
at time T1under temperature TN can be compressed to 
T1 divided by AF at the accelerated temperature, TA. 
Note that for true acceleration, the acceleration factor 
AF is independent of the probability of the fail point 
specified. 


AF, the dependent variable of the Arrhenius Equation is 
a function of several variables. TN and TA are specified 
for the situation under consideration. EA is a function of 
the particular mode of failure, and is determined 
by 


experimental evaluation. 


FAILURE RATE 
'--... ,/ 
• 
• 
• 
• 
~ 


0001 
TO 
T1 
TIME 
T2 • 


Activation energy levels in semiconductors 
generally 


are in the 0.3 - 1.1 electron-volt range. 
Each failure 


mode has its own activation energy. 
Some typical 


examples are: 


FAILURE MECHANISM 


Oxide/Dielectric Breakdown 


Electromigration 


Surface Related Contamination 


Intermetalics 


Floating Gate Charge Loss 


Hot Electron Trapping 


Charge Trapping 


~ 


0.3 


0.5 to 0.7 


1.0 


1.0 


0.6 


-.1 


0.12 


A compromise value of 0.6 electron-volts is often used 
when there is no specific information relating to the 
failure modes being accelerated. 


Operating Life Test 


The Operating 
Life Test is run under dynamic bias 


conditions where inputs are clocked. 
The test is con- 
ducted at high temperature 
to accelerate the failure 


mechanisms. 
The normal temperature for the test is 


+12S·Cfor 1,000 hours. Readouts occur at 24, 168,500 
and 1,000 hours. Early hour failures are usuallyassoci- 
ated with manufacturing defects or otherwise marginal 
material. 


The Retention Bake Test is performed to accelerate 
data loss on floating gate devices. The test consists of 
unbiased baking at elevated temperature. 
Usually the 


test lasts for 1,000 hours at +1S0·C. The failure mecha- 
nism that is accelerated is charge leakage from a stored 
element. 


Endurance Cycling establishes the number of times a 
device can be programmed and erased. 
Normally the 


test is conducted at rated temperature conditions and is 
followed by 
retention bake. The standard cycling at 


Microchip is done at 85°C using a byte cycle mode and 
is followed by a bake of both a checkerboard and an 
inverse checkerboard of 48 hours at 150°C. 


Temperature Cycle 


The Temperature Cycle test simulates stresses which 
occur to systems during power up/power down se- 
quences. The test is intended to reveal any deficiencies 
resulting from thermal expansion mismatch of the die/ 
package structure. 
Normally the test is conducted by 


cycling between -6S·C and +1S0·C in an air ambient. 
Duration for the test is typically 500 cycles for both 
plastic and ceramic packages. 
Endpoint criteria are 


both electrical and visuaVmechanical. 


The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is 
liquid-to-liquid. 
This stimulates rapid thermal environ- 


mental changes. 
The mechanisms 
accelerated 
are 


identical to those in the Temperature Cycle test except 
that the Thermal Shock test is a more accelerated test 
with temperatures normally +12S·C to -SS·C. The num- 
ber of cycles are 500 for qualification testing. 


Autoclave 


The autoclave test determines the survivability of de- 
vices in molded plastic packages to a hot, humid envi- 
ronment. The test exposes unbiased, plastic packaged 
devices to saturated steam at 121"C and 15 pounds per 
square inch (one atmosphere) gauge pressure. The 168 
ormore hours oftesting allows moisture to penetrate into 
the die. Chemical corrosion of the die metallization may 
occur if ionic contaminants 
are present and the die 


surface protection is deficient or damaged. 
Charge 


leaks from floating devices usually happen before a 
corrosion mechanism develops. 


Temperature 
Humidity 
Test 


The Temperature Humidity test determines the surviv- 
ability of devices in molded plastic packages functioning 
in a hot, humid environment. 
By convention, test condi- 
tions are 85'C with 85% relative humidity. The parts are 
biased to lend themselves to electrochemical corrosion. 
The duration of the test is usually 1,000 hours or more. 
The test checks the adequacy of the die surface protec- 
tion and the plastic's lack of ionic impurities. The applied 
bias is 5 volts on alternating pins or set up for minimum 
power to reduce internal heating and consequent mois- 
ture evaporation on the device. Similar to the Autoclave 
test, charge loss on floating gate devices is a principle 
failure mechanism. 


The Highly Accelerated 
Stress Test is similar to the 
Temperature 
Humidity 
Test but with more stringent 
temperature exposure. Devices are subjected to 130°C 
with 85% relative humidity and an altemating bias of 5 
volts and ground on device pins. The duration of the test 
is 168 hours. This tests for ionic contamination 
and 
corrosion, but floating gate devices may also fail for 
charge loss. 


Product Quality 


In general, qualification is required for new design, major 
changes in old design, process or material when either 
wafer fabrication or package assembly operations are 
affected. Cross functional teams which include reliability 
develop new products for introduction. In other areas, 
Microchip 
utilizes the concept 
of a Change Control 
Board which meets regularly to establish which criteria 
is to be used for all specific proposed changes. This 
board is made up of representative leaders of various 
groups and departments throughout Microchip to insure 
all concems are heard early during the process. 


Qualifications guarantee changes to or new processes 
and technologies are properly evaluated for reliability 
performance. 


Reliability 
Monitoring 


Microchip's reliability monitoring program is a compre- 
hensive effort to measure the reliability of all process 
families with strict regularity. 
The program strives to 
improve performance through failure analysis and cor· 
rective action. 
Numerous screening procedures are 
used and estimates of product life and expected failure 
rates are provided. 


Typical tests and frequencies include: 


• Die Monitor on selected product for - 


Dynamic Ufe 


Retention Bake 


Endurance 


• Periodic (weekly, monthly and quarterly) package 
monitors to evaluate: 


Mechanical stresses 


Alignment 


Temperature and moisture stresses 


Corrosion resistance 


Marking permanency 


Product Quality 


Operation 
Action 
Sample Plan 
Responsibility 
Referenced 


Quality 
Prod 
MIL-STD 


Die Visual 
Reject defectives 
10% sample 
- 
X 
MIL·STD-883C 
100% rescreen 
LTPD 10 
X 
- 
Method 2010 
perLTPD 


Wafer Saw 
Machine 
One kerf per lot 
X 
- 
MIL·STD-883C 
Shut Down 
Method 2010 


Die Attach 
Machine 
4X1lotlMachine 
X 
- 
N1A 
Shut Down 
LTPD 15 


Wire Bond 
Machine 
1% AQL each 1/2 shift 
X 
- 
MIL-STD-883C 
Shut Down 
Method 2010 


Post Wire Bond 
Reject defectives 
LTPD 15 
X 
. 
MIL-STD-883C 
100% rescreen 
Method 2010 
per LTPD 


Mold Press 
Machine 
One sample /4 hrs 
X 
- 
N1A 
Shut Down 


Die Plating 
Reject defectives 
Every 4 hrs 
X 
- 
N1A 
100% rescreen 
LTPD 10 
per LTPD 


Trim and Form 
Reject defectives 
Oncel2 
hrs 
X 
- 
N1A 
100% rescreen 
LTPD 10 
per LTPD 


External Visual and 
Reject defectives 
100% LTPD2 
- 
X 
MIL-STD-883C 
Documentation 
100% rescreen 
X 
- 
Method 2010, 


Verification 
per LTPD 
Method 2016 


Product Quality 


Operation 
Action 
SarnplePlan 
Responsibility 
Referenced 


Quality 
Prod 
MIL·STD 


Die Visual 
Reject defectives 
10% LTPD 10 
- 
X 
MIL-STD-883C 
100% rescreen 
X 
- 
Method 2010 
perLTPD 


Wafer Saw 
Machine 
One kerf per lot 
X 
- 
MIL-STD-883C 
Shut Down 
Method 2010 


Die Attach 
Machine 
Non-destruct each 2 hrs 
X 
. 
MIL-STD-883C 
Shut Down 
destruct each shift 
Method 2010 


Wire Bond 
Machine 
4X1shifVmachine 
X 
- 
MIL-STD-883C 
Shut Down 
Method 2010 


Preseal Visual 
Reject defectives 
100% LTPD 15 
- 
X 
MIL-STD-883C 
100% rescreen 
X 
- 
Method 2010 
per LTPD 


Package Seal 
Machine 
LTPD 15 
X 
- 
N1A 
Shut Down 


Environmental 
Machine 
LTPD5 
X 
- 
MIL-STD-883C 
Stress 
Shut Down 
Method 2001 
Centrifuge 
84(0) 
Method 1010 
Temp Cycle 
84(0) 


Fine Leak 
Reject defectives 
LTPD 5 
X 
- 
MIL-STD-883C 
100% rescreen 
Method 1014 
perLTPD 


Gross Leak 
Reject defectives 
LTPD5 
X 
- 
MIL-STD-883C 
100% rescreen 
Method 1014 
per LTPD 


Lead Trim 
Reject defectives 
100% LTPD2 
- 
X 
MIL-STD-883C 
100% rescreen 
X 
- 
Method 2009 
per LTPD 


External Visual and 
Reject defectives 
100% LTPD2 
- 
X 
MIL-STD-883C 
Documentation 
100% rescreen 
X 
- 
Method 2010, 
Verification 
per LTPD 
Method 2016 


Product Quality 


Operation 
Action 
Sample Plan 
Responsibility 
Referenced 


Quality 
Prod 
MIL-STD 


Lead Frame 
Reject defectives 
Visual, LTPD 2 
X 
- 
N1A 
100% rescreen 
Functional, LTPD 10 
perLTPD 
and material spec 


Die Attach Epoxy 
Reject 
Functional, LTPD 15 
X 
- 
N1A 
and material spec 


GoldWire 
Reject 
Per material spec 
X 
- 
N1A 


Molding Compound 
Reject 
Spiral flow, 3X11ot 
X 
- 
N1A 
Functional, 1XIIot and 
material spec 


Operation 
Action 
Sample Plan 
Responsibility 
Referenced 


Quality 
Prod 
MIL-STD 


BaselLead Frame 
Reject 100% 
Visual, LTPD 10 
X 
- 
MIL-M-38510 
rescreen per 
Functional, LTPD 10 
LTPD 
Bake test, LTPD 15 
Dimensions, LTPD 50 
and material spec 


Package 
Reject 100% 
Visual, LTPD 10 
X 
- 
MIL-M-38510 
rescreen per 
Functional, LTPD 10 
LTPD 
Bake test, LTPD 15 
Dimensions, LTPD 50 
Plating, LTPD 10 
and material spec 


Preform 
Reject 
Visual, LTPD 10 
X 
- 
MIL-M-38510 
Functional, LTPD 15 


Bond Wire 
Reject 
Per material spec 
X 
- 
MIL-M-38510 
2 spoolsllot 


Lid 
Reject 
Visual, LTPD 7 
X 
- 
MIL-M-38510 
Functional, LTPD 10 
and material spec 


Product Reliability 


Microchip Technology Inc.'sproducts 
provide competi- 
tive leadership in quality and reliability, with demon- 
strated performance of less than 100 FITs (Failures in 
Time) operating life for most products. The designed-in 
reliability of Microchip's products are supported by on- 
going reliability data monitors. This document presents 
current data for your use - to provide you with results you 
can count on. 


The test descriptions included in this document explain 
Microchip's quality and reliability system. 
The product 
data demonstrates its results. 


The customer's quality requirements are Microchip's top 
priority. Ongoing customer feedback and device perfor- 
mance monitoring drive Microchip, leading to continuing 
improvements in the long-term quality and reliability. 


Extended field life is simulated by using high ambient 
temperature. 
In the semiconductor 
technology, 
high 


temperatures dramatically accelerate the mechanisms 
leading to component 
failure. 
Using 
performance 
results at different temperatures, an activation energy is 
determined using the Arrhenius equation. For each type 
of failure mechanism, the activation energy expresses 
the degree to which temperature increases the failure 
rate. 


The activation energy values determined by Microchip 
Technology agree closely with those published in the 
literature. For complex CMOS devices in production at 
Microchip Technology, an activation energy of 0.6 eV 
has been shown to be representative of typical failures 
on operating life. By definition, failure is reached when 
a device no longer meets the data sheet specifications 
as a direct result of the reliability test environment to 
which it was exposed. 
Common 
failure modes for 
CMOS integrated circuits are identified for each test 
environment. 


To establish a field failure rate, the acceleration factor is 
applied to the device operating hours observed at high 
temperature stress and extrapolated to a failure rate at 
55'C ambient temperature in still air. 


The actual failure rate experienced could be consider- 
ably less than that calculated if lower device tempera- 
tures occur in the application board, such as would be 
the case if a fan, a heat sink, or air flow by convection is 
used. 


Environment 


Operating Life 


Typical 
Failure Mechanism 


Process parameter drift/shift 
Metal electromigration 
Intemalleakage 
path 
Lifted bond/ball bond chip-out 


Lifted bond/ball chip-out 
Cracked die or surface cracks 
Bond pad corrosion 


Intemal circuit corrosion 


Inter-pin leakage 
Charge loss 


Charge loss 


Charge gain, Parameter 
drift/shift 


Biased-Humidity 


Autoclave 


High Temp. Bake 


High Temp. 
Reverse Bias 


FIT (Failure 
In Time): 
Expresses the estimated field 
failure rate in number of failures per billion power-on 
device-hours. 
100 FITS equals 0.01% fail per 1,000 
device-hours. 


Operating 
Life Test: The device is dynamically exer- 
cised at a high ambient temperature (usually 125'C) to 
quickly simulate field life. Derating from high tempera- 
ture, an ambient use condition failure rate can be calcu- 
lated. 


Temperature 
Cycle: The devices are exposed to se- 
vere extremes of temperature in an altemating fashion 
(-65'C for 15 minutes, 150'C for 15 minutes per cycle). 
Package strength, bond quality and consistency of as- 
sembly process are stressed using this environment. 


Biased-Humidity: 
Moisture and bias are used to accel- 
erate corrosion-type failures in plastic packages. 
The 
conditions include 85'C ambient temperature with 85% 
relative humidity. 
Typical bias voltage is +5 volts and 
ground on altemating pins. 


Autoclave 
(pressure cooker): 
Using a pressure of one 
atmosphere above atmospheric pressure, plastic pack- 
aged devices are exposed to moisture at 121·C. 
The 
pressure forces moisture permeation of the package 
and accelerates related failure mechanisms, if present, 
on the device. 


" •••••.-1." _ .•.__ 
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Retention 
Bake: A 150"C temperature stress is used to 
accelerate charge loss in the memory cell and measure 
the data retention on the EPROM and EEPROM por- 
tions of the circuitry. 


HAST: Moisture, extreme heat and bias are used to 
accelerate corrosion and contamination in plastic pack- 
ages. The conditions are 130°C and 85% relative humid- 
ity. Typical bias voltage is +5 Volts and ground on 
altemating pins. 


A comprehensive qualification system ensures that re- 
leased products are designed, processed, packaged 
and tested to meet both design functionality and strict 
reliability objectives. Once qualified, a reliability monitor 
system ensures that wafer fabrication 
and assembly 
process performance 
is stable over time. 
A set of 
baseline specifications is maintained that states which 
changes require requalification. These process changes 
can only be made after successful demonstration of 
reliability performance. 
This system results in reliable 
field performance, while enabling the smooth phase-in 
of improved designs and product capability. 


This section provides a reliability summary of Microchip 
Technology's product. 
Included is 
reliability data and 
packaging information obtained over the recent past. 


Plastic Package Characteristics 
and Codes 


As part of an on going product program, 
Microchip 
Technology will apply its Quality and Reliability process 
in evaluating the latest developments 
in plastic packag- 


ing technology, 
and implement the highest reliability 
materials and assembly techniques. The plastic pack- 
ages that are currently available from Microchip are 
listed in the table below. 


Package Description 
Identification 
Code 


Plastic Leadless Chip Carrier 
L 
Plastic Dual In Line (600) 
P 
Plastic Dual In Line (300) 
SP 
Plastic SOIC (.150) 
SUSN 
Plastic SOIC (.207) 
SM 
Plastic SOIC (.300) 
SO 
Plastic TSOP (8 x 20mm) 
TS 


Plastic SSOP (.207) 
SS 


RELIABILITY 
CONTROL 
SYSTEM DIAGRAM 


QUAUF1C~TION 
"-'-'"-"-- 
•••- 
REUABlUTY.CONTROL 


Specify: 
• Design objectives/ 
specifications 
• Testability goals 
• Reliability requirements 
• Process/packaging 
requirements 
• Design guidelines 
Design: 
• Functional models 
• Logic design & verification 
• Circuit design & verification 
• Layout design & verification 
• Prototype verification 
• Performance characterization 
Develop 
(as required): 
• Wafer fabrication processes 
• Package/packaging 
technology 


Confirm design objectives 
using qualification 
tests: 
• Operating life, 125°C 
ambient 
• Temp-cycle, -65°/150°C 
• Thermal shock, -65°I1SO"C 
• ESD , ± 2000 V HBM 
• ESD , ± 100 V MM 
• Latch-Up (CMOS devices) 
• Biased-humidity, 85°C/85% 
• Autoclave (pressure 
cooker) retention bake 


Assure Outgoing 
Quality 
Level: 
• Design release document 
• Baseline wafer fabrication process 
• Baseline assembly process 
• Qualification release 
• Enter device to specification system 
• Wafer-level reliability controls 
• Assembly reliability controls 
• Early failure rate sampling 
• Reliability monitoring 
• Statistical process control feedback 
• Audit specifications 
• Analyze returned failures 
• Requalily devices as needed for 
major changes such as ESD resis- 
tance enhancement, cost reduction! 
die shrink, process improvement, and 
new package types. 


Product Reliability 


High temperature dynamic I~e testing accelerates ran- 
dom failure modes which would occur in user applica- 
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PIC16117 MICROCONTROLLER 
DYNAMIC 
LIFE 
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tions. 
Voltage bias and address signals are used to 
exercise the device in a manner similar to user systems. 
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Product Reliability 


Data storage in applicable devices is done by develop- 
ing a charge on the floating gate structure in the memory 
cell. Charge loss inthis cell structure results in a conver- 
sion of zeroes to ones. In order to evaluate the level of 
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PIC16/17 
MICROCONTROLLER 
RETENTION 
BAKE 


NOTE: Representation of reliability data typically shows 
calendar year grouping along the x-axis, except for 1993 
which includes only first, second and third quarters. This 
provides the equal time interval normally expected for 


this type of failure, devices are subjected to a 150·C 
bake. This bake accelerates charge loss in the memory 
cell and 1000 hours at 150°C is equivalent to approxi- 
mately 13.5 years in the field at 55°C. 
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graphical presentation. 
However, Chi-square statistics 
demand equivalent device-hours for fair interval com- 
parison. Such data grouping assures that relatively 
small sample sizes do not indicate unrepresentative FIT 
rates. 


Microchip Technology evaluates plastic encapsulated 
devices ability to withstand high temperature, high hu- 
midity environments while under electrical bias. This is 
clone by utilizing the industry 
standard test method 
known as 85/85. This stress 
is designed to create 
corrosion of the metal or intemal device leakage if ionic 
contaminants are present but also may cause charge 
loss in memory cells. 


Operating Hours 


package 
24 
168 
504 
1008 


PDIP 
0/3566 
1/3566 
1/3565 
2/3564 


PLCC 
0/2447 
3/2447 
1/2444 
5/2443 


SOIC 
0/2997 
5/2997 
0/2865 
0/2865 


TSOP 
0/377 
0/377 
0/377 
0/377 


Originally, this test was designed to evaluate corrosion 
of bond pads due to penetrating moisture 
combining 
with contaminant 
residue on the metal surface. The 
corrosion failure rate forthis test has become nearly zero 
and a new failure mode has surfaced. This is memory 
cell charge loss due to moisture penetration along the 
floating gate allowing a conduction path for removal of 
stored charge. This moisture path is between the seal of 
the metal and the passivation which can then be traced 
to the substrate near the edge of the floating gate. This 
failure type is the primary mode in the data provided. 


Operating Hours 


package 
24 
168 


PDIP 
0/8147 
4/8147 


PLCC 
0/3322 
0/3322 


SOIC 
0/6464 
7/6464 


TSOP 
0/142 
1/142 


Product Reliability 


This thermal tests evaluates air to air rapid temperature 
change evaluating built in material stresses. This is a 
worst case simulation of system power up/ power down 
and is based on stringent military packaging require- 
ments. 


Operating Results 


15 cycles 
500 cycles 


PDIP 
0/2054 
3/2054 


PLCC 
0/907 
1/907 


SOIC 
0/837 
0/837 


TSOP 
0/96 
0/96 


SSOP 
0/94 
0/94 


Thermal shock is the most extreme case of tempera- 
ture cycling by using liquid immersion for the tech- 
nique to change the device environment. This 
accelerates any stress related failures with the rapidly 
changing gradient. Alter the temperature stressing a 
constant force centrifuge test is also preformed prior 
to final electrical testing to further uncover any defects 
that may have occurred under stress. 


Operating Results 


package 
15 cycles 
500 cycles 


PDIP 
0/2314 
0/2314 


PLCC 
0/878 
6/878 


SOIC 
0/1090 
0/1090 


TSOP 
0/96 
0/96 


SSOP 
0/94 
0/94 


Highly Accelerated 
Stress Testing 
evaluates 
plastic 
encapsulated devices' ability to withstand extreme high 
temperature, high humidity environments while under 
electrical bias. This is done by a new method known as 
HAST. This stress is designed to create corrosion of the 
metal or intemal device leakage if ionic contaminants 
are present but also may cause charge loss in memory 
cells. 


Operating Results 


24 hours 
168 hours 


PDIP 
1/2192 
0/809 


PLCC 
2/527 
0/281 


SOIC 
0/976 
0/488 


Product Reliability 


CM()SPlC1"'7r»I? 
r 
Id;»{ 
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Operating 
Hours 


Device 
Operation 
24 
168 
S04 
1008 
Fails 
Device Hours 
FITs 
60% CL @ SS"C 


PIC16C57 
DLT 
0/9350 
2/9350 
0/4400 
0/4400 
2 
5,266,800 
14 


PIC16C56 
DLT 
0/6511 
0/6511 
0/2601 
1/2601 
1 
3,278,688 
15 


PIC16C55 
DLT 
0/8066 
1/8066 
1/4256 
1/4255 
3 
4,929,624 
20 


PIC16C54 
DLT 
1/11509 
0/11508 
3/6569 
1/6566 
5 
7,449,816 
20 


PC16C84 
DLT 
0/607 
0/607 
0/555 
0/555 
0 
568,176 
39 


PIC16C71 
DLT 
0/304 
0/304 
0/304 
0/304 
0 
306,432 
72 


PIC16C57 
BAKE 
0/10308 
0/10308 
1/2218 
0/2217 
1 
3,594,360 
5 


PIC16C56 
BAKE 
017888 
2/7888 
0/1615 
0/1615 
2 
3,187,800 
8 


PIC16C55 
BAKE 
0/8959 
0/8959 
1/2633 
1/2632 
2 
3,716,328 
7 


PIC16C54 
BAKE 
0/12690 
0/12690 
1/4024 
0/4023 
1 
5,511,576 
3 


PIC16C84 
BAKE 
0/485 
0/485 
0/485 
0/485 
0 
488,880 
16 


EEPROM ....•.... 
. 


Operating 
Hours 


Device 
Operation 
24 
168 
S04 
1008 
Fails 
Device Hours 
FITs 
60% CL @ SS"C 


24CXX 
DLT 
0/14842 
0/14842 
1/4360 
3/4359 
4 
6,155,352 
20 


93CXX 
DLT 
2/5308 
4/5306 
0/1989 
0/1989 
6 
2,562,216 
68 


24LCXX 
DLT 
0/9161 
319161 
2/6132 
316130 
8 
6,688,920 
34 


93LCXX 
DLT 
0/3941 
3/3941 
3/1811 
2/1808 
8 
2,181,816 
103 
28C16 
DLT 
0/1915 
0/1915 
01765 
01765 
0 
964,320 
23 
28C64 
DLT 
1/4498 
1/4497 
0/2127 
0/2127 
2 
2,542,200 
29 


24CXX 
BAKE 
2/12649 
1/12647 
1/2840 
2/2839 
6 
4,510,008 
14 
93CXX 
BAKE 
0/5472 
0/5472 
0/1045 
0/1045 
0 
1,797,096 
4 


24LCXX 
BAKE 
017778 
Om78 
0/3484 
1/3484 
1 
4,233,264 
4 


93LCXX 
BAKE 
0/4729 
0/4729 
0/2527 
0/2527 
0 
2,917,152 
3 
28C16 
BAKE 
1/3248 
1/3247 
2/607 
1/605 
5 
1,054,392 
51 
28C64 
BAKE 
0/3222 
3/3222 
1/859 
1/858 
5 
1,262,352 
42 


&PAO" 
; 
/ 
;;:., 
'. 
.' 
(, 
< .,r; 
·;i. 
.,/, 


Operating 
Hours 


Device 
Operation 
24 
168 
S04 
1008 
Fails 
Device Hours 
FITs 
600/0CL @ SS"C 


27HC256 
DLT 
0/1933 
1/1933 
0/1013 
0/1013 
1 
1,175,664 
41 
27C256 
DLT 
1/8517 
4/8516 
0/1569 
0/1569 
5 
2,748,672 
55 
27C512 
DLT 
0/2815 
4/2815 
0/954 
0/954 
4 
1,274,280 
98 


27HC256 
BAKE 
0/2192 
5/2192 
0/532 
0/532 
5 
815,136 
66 
27C256 
BAKE 
2/8513 
3/8510 
0/2193 
1/2193 
6 
3,271,872 
19 
27C512 
BAKE 
2/2406 
13/2404 
1/380 
2/379 
18 
722,616 
233 


Operation 
Legend: 
DLT 
- 
Dynamic Life Test (125°C) 
Bake 
Retention Bake (150°C) 


DS11008G-page 
6 
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MICROCHIP 


A unique feature of non-volatile memory devices is the 
dual requirement both to change and to maintain data 
states. It is this combination of requirements that pro- 
vides the contrasting nature that defines the complexi- 
ties involved in change and maintaining such change. 
Anything that enhances the physics to allow a data state 
change incontrast degrades the retention ofthat change. 
It also holds that any retention enhancements inhibit the 
data changing capabilities. A balance must be struck 
between the combinations to achieve the field require- 
ments of customer applications. 


EraselWrite cycling has many variables which greatly 
effect the lifetime of the device. To accurately make 
comparisons between specifications and the actual re- 
quirements, 
or any other comparisons, 
these factors 
must be well understood and taken into account. 


Silicon Technology 


The basic technology 
employed 
by Microchip Tech- 
nology 
for 
EEPROM's 
is a FLOTOX 
structure 
as 
drawn below. This is a an industry standard architec- 
ture base which has been enhanced by Microchip to 


provide improvements 
to the quality and reliability 
of 
the devices produced. 


Circuit Technology 


These cells are then structured in either an 8 or 16 bit 
word organization for data storage with between 32 
words (256 byte device) and 8K words (64K device) 
using standard binary decoding schemes found industry 
wide on memory devices. Data can then be transmitted 
either into the device for storage or read from the device 
when needed along a single DATA pin. The device has 
no restriction on the number of read cycles that can be 
processed per byte without damage but the storage 
process does have finite limitations. 


Currently two different schemes of error correction are 
being utilized on Microchip EEPROM's. The 24CXX, 
93CXX, 85CXX, 59CXX and 28CXX device types utilize 
a modified Hamming code redundancy scheme with four 
parity bits per eight bit byte. This has been the industry 
standard correction scheme for enhancement of cycling 
lifetimes by eliminating single bit per word errors. An 
altemative approach has been developed utilizing an 
AND cell concept 
of redundant 
memory cells. This 
further enhances the write/erase lifetime over the Ham- 
ming code and has been implemented on the 24LCXXB 
and 93LCXX circuits. 


Read 
Write 
Erase 
Standby 


Bit Una 
1.6 volts 
18.Ovons 
0.0 voIls 
O.Ovofts 
Row select Gate 
5.0 volts 
20.0 vons 
20.0 volts 
0.0 volts 
Memory Cell Gate 
5.0vons 
O.OYons 
2O.0vons 
0.0 volts 
Common 
Source 
0.0 volts 
Aoat 
0.0 Yons 
O.Ovolts 
•• 


The endurance failure 
rate curve for the Microchip 
devices is presented in the standard fonn for this curve 
from EEPROM FLOTOXmanulacturers. 
Microchip does 
write/erase cycle all EEPROM devices prior to shipment 
to remove the infant mortality endurance failures from 
the population. This characteristic curve, with two failure 
increase sections, is shown below for reference. Both 
sections have single bits failing as the dominant mecha- 
nism. 


The first of the failure increase sections is usually related 
to breakdown of oxides from latent oxide defects that are 
inherent to any process. These oxides have reached a 
time dependent dielectric breakdown condition and per- 
manently rupture. This generally characterizes the first 
200K write/erase 
cycles under any conditions. 
The 
second curve is the standard trap up of electrons within 
the tunnel dielectric which closes the write/erase thresh- 
old window until the device no longer adequately pro- 
grams or erases. 


This curve depends on muttiple parameters, but the trap 
up failure increase portion often does not occur until one 
million write/erase cycles or greater. 


The first failures from endurance cycling and the long 
tenn end of life failures are due to different mechanisms. 


The failures from 200K to 500K cycles have historically 
been attributed to "last trap up" around the industry. 
Analysis at Microchip has shown that these failures are 
not actually trap up but oxide breakdown in nature. They 
most often manifest themselves as single bit charge loss 
or charge pump failure, both due to the fonnation of a 
conductive path within the gate oxide layer. 


These oxide breakdown failures can be related to de- 
fects of three types of categories. 


Type 1 is a residual chemical stain left behind on the 
wafer after processing 
due to an inadequate 
rinse. 


These are very difficult to physically detect and are best 
inferred from a pattem of bits (a bit cluster) that fail. 


Type 2 is a physical defect which can be found upon 
microscopic or SEManalysis resulting inthe failure. This 
is most often a particle, polysilicon nodule or metal short. 


Type 3 is a physical defect with low activation energy 
that cannot 
be detected 
until end of life evaluation 
because of it's change in state (subsequent consump- 
tion) during latter processing steps. 


The end of life mechanism is called 'oxide trap up". This 
is where the tunnel dielectric oxide layer loses it's ability 
to pass charge and begins to retain some portion of the 
charge that it passes to the floating gate. These excess 
electrons within the oxide act as a charge shield, resutt- 
ing in insufficient charge movement while significantly 
raising the vottage required to continue transmitting a 
constant charge level. Since the programming vottage is 
not adjustable this resutts in less charge movement for 
either the write or erase state. These states, whether 
charged negatively or charged positively, approach a 
central point and become indistinguishable to the detec- 
tion circuitry of the device. This resutts in a failure to read 
the correct pattem, (impossible to distinguish between a 
programmed one and a programmed zero) beginning 
with the extreme vottage values of the operating speci- 
fication. 


Microchip Technology defines a device lifetime in the 
strictest sense, that is, stated lifetime has to exhibit the 
truest correlation to customer resutts. All units shipped 
from Microchip have Error Correction circuitry engaged 
for customer use. Error Correction 
amends anyone 
error per byte for Hamming and one error per bit for AND 
cell which allows the device to read correct data. An 
endurance failure is detennined when anyone bit is not 
capable of being correctly written and maintained inthat 
state indefinitely. 


The device lifetime is defined when a specified percent- 
age of devices, (Microchip currently uses a cumulative 
2.5 percent), have a customer detectable error under 
worst case operating conditions. 


Ongoing monitors are acquired from every wafer lot of 
material manufactured for shipment. Samples are sub- 
jected to byte cycling of a checkerboard pattem at 85°C 
in rapid succession to the specified number of guaran- 
teed cycles. These units then are baked at 150°C for 48 
hours in both checkerboard and inverse checkerboard 
fonns and electrically tested to ensure that data sheet 
requirements are met. This data is accumulated on a 
monthly basis and reviewed to measure both resutts of 
continuous 
improvement programs and confonnance 
against the device standards. 


a. Temperature: 
Within the FLOTOX technology, tem- 


perature has an inverse effect on the endurance of a 
EEPROM device. The activation energy ofthese cycling 
failures is approximately 0.15 eV. The long term trap up 
portion of the curve is worsened by temperature to a 
greater extent than the early fails due to the difficult 
failure mechanisms that are activated. 


b. Delay between cycles: This has been reported inthe 
industry as having an enhanced effect on the lifetime of 
EEPROM devices. 
For some technologies 
this does 


have a positive effect, however, this is not strictly the 
case for FLOTOX manufacturers. 
While the second 


failure rate increase period (associated with end of life) 
may be impacted by this due to a decreased rate of 
electron trapping, the first failure rate is actually not 
impacted by this variable. 


c. Write timing The decrease in write time to the device 
correlates directly with write/erase cycling failure rate of 
the device. This shorter pulse reduces the cell time at 
voltage which then provides an enhanced life prior to the 
occurrence 
of a time dependent oxide breakdown. 
11 


also passes fewer electrons through the oxide providing 
less potential trapping 
possibilities while maintaining 


adequate margins for the written state. 


Please note that the rise time of the signal, which the 
customer does not have control over is also a dominant 
effect. 


d. Vcc vohage 
The higher voltages generate higher 


fields within the device. This causes more stress which 
is offset by the operational increase of intemal timers 
and actually shortens the write time of the device. 


Lower voltages this has the opposite effects on the 
individual parameters except in cycles obviously where 
the write timer is extemally controlled. This overall effect 
is minor compared to the others in magnitude on the 
failure rate curve and is variable over the customer 
operating range with a maximum at Vce=5.5 Volts. 


e. Pat1ern effect The pattem that is programmed in the 
device does playa first order role in the overall lifetime. 
The act of programming a non-volatile memory inflicts 
damage on the device that cannot be repaired. This 
damage is the result of exposure to high electric fields 
which over a period of time either breakdown or trap up 
the effected oxide causing failures. The act of writing a 
cell from a one to a zero provides the maximum amount 
of stress by exercising the charge pump and passing 
electrons through the tunnel dielectric. (Please note that 
to write a zero even from a zero state causes an 
automatic byte erase priorto the write converting the bit 
to aone and retuming illo it's original state!) Conversely 
writing a one from a one then passes no charge through 
the cell and therefore does no damage to the cell but 
does stress the charge pump. 


From an array standpoint, this would allow a checker- 
board/ inverse checkerboard 
pattemed device to en- 
dure twice the number of write cycles that an all zero 


pattemed device would last. In general this appears to 
be approximately correct but does neglect the charge 
pump and other peripheral wearout mechanisms. 


f. Cycling 
mode Three modes exist in Microchip de- 
vices that are primarily used for endurance evaluations. 
The byte write mode (one single byte written at a time) 
is the standard mode used by the customer in the field 
as well as the method of monitoring that has been 
chosen intemally.This 
is to best estimate field lifetime 
expectations and actual failure rates. A second tech- 
nique exists called block mode which exercises all the 
cells of the array simultaneously. The lifetime expecta- 
tions are approximately twice as long for these block 
cycled devices as equivalently cycled byte cycled cir- 
cuits based on experimental findings. This effect has 
been traced back to the rise time of the programming 
signal at the memory cell. The faster this voltage rise 
occurs, the more damage occurs and the shorter the 
lifetime. The block mode has a much slower rise time 
given the entire array being utilized provides a much 
larger resistive/capacitive 
load which slows the signal 


rise ultimately resulting in the greater lifetime. Please 
note that the page mode which can be utilized by the 
customers falls between the block and byte modes with 
respect to failure rate. 


g. Array Size This effect is a direct result of how fast 
most devices will fail due to a single bit not working 
simply due to the number of bits involved. This is not 
exactly double the failure rate with a doubling of the 
memory size since some circuits fail within the charge 
pump or decoding circuitry sections and are therefore 
not directly related to array size. 


•• 


Microchip Technology, 
after significant 
experimenta- 
tion, has developed a model of the Endurance failure 
rates as a function of all the variables listed above. This 
model is available to the customer in the form of a 
diskette called Total Endurance 
N 
• 
This allows the cus- 
tomer to bypass confusing information and conditions 
other than their application 
and directly 
predict the 
failures seen in their application conditions within a few 
percent. This also allows the customer to adjust operat- 
ing parameters and immediately evaluate the impact on 
the results of the final system. 
Results for a typical 
application (obtained from the Total Endurance model 
are listed at right for reference). 


Application 
Cum 
Device 
Life 
Percent 


24C02A 
10 years 
1 PPM 


24C04A 
10 years 
2 PPM 


93C46 
10 years 
1 PPM 


93C56 
10 years 
1 PPM 


24LC02B 
10 years 
1 PPM 


24LC04B 
10 years 
1 PPM 


24LC16B 
10 years 
512 PPM 


93LC46B 
10 years 
1 PPM 


93LC56B 
10 years 
1 PPM 


Typical conditions used are 25°C, Byte mode operation 
with 24 cycles per day, Vcc=4.5 Volts with a random 
pattern writing one quarter of the array at each occasion. 
The failure rates quoted are the expected failure rate at 
the end of the application life using an unlimited number 
of read cycles. For more information on Endurance, it is 
recommended 
that the user obtain a copy of Total 
Endurance. 


SECTION 
11 


PACKAGING 
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PACKAGING 


Part Number Suffix Designations: 
xxxxxxxxxx . xx X I X X xxx 


I L ROM Code or Special 
Requirements 
L Case Outline 
o 
= Ceramic 
J 
= Cerdip (w~h window ij EPROM) - all product except Microcontrollers 
K 
= LCC (Ceramic Leadless Chip Carrier, not thermally enhanced) 
L 
= PLCC (Plastic Leaded Chip Carrier) 
P 
= Plastic 
S 
= Die in Waffle Pack 
W 
= Die in Wafer Form 
CB 
= COB (Chip..Qn-Board) 
IN 
= Cerdip, no window - for Microcontrollers 
only 


JW 
= Cerdip, windowed - for Microcontrollers 
only 
PO 
= POFP 
SJ 
= Skinny Cerdip 
SL 
= 14-Lead Small Outline .150 mil 
SM 
= Small Outline .207 mil 
SN 
= Small Outline .150 mil 
SO 
= Small Outline .300 mil 
SP 
= Skinny Plastic Carrier 
SS 
= Shrink Small Outline Package 
TS 
= Thin Small Outline (TSOP) 8mm x 20mm 
VS 
= Very Small Outline (VSOP) 8 x 13mm 


Process 
Temperature 
Blank = O°C to +70OC 
I 
= -40OCto +85OC 
E 
= -40°Cto+125OC 


Speed 
(EPROM I High 
Dens~y EEPROM) 
-55 = 55 ns 
Blank 


-70 = 70 ns 
-14 
-90 = 90 ns 
-25 
-10 = 100 ns 
-32 
-12 = 120 ns 
-15 = 150ns 
-17 = 170 ns 
-20 = 200 ns 
-25 = 250 ns 


= 20.5 MHz 
= 14.4 MHz 
= 25.6 MHz 
= 32.8 MHz 


LP = 4 !IS - Low Power 
RC = 2 !IS - Resistor Capacitor 
XT = 1 !IS - Crystal 
HS = 20 MHz - High Speed Crystal 
-10 = 10 MHz - High Speed Crystal 
-04 = 4 MHz - Crystal or RC 
-16 = 16 MHz - High Speed Crystal 
-20 = 20 MHz - High Speed Crystal 
-25 = 25 MHz - High Speed Crystal 


OPTION 
=twc=1ms 
F 
= twc = 200 !IS 
X 
= Rotated pinout 
T 
= Tape and Reel 


Device Type (Up To 10 Dig~s) 
C 
= Indicates CMOS 
LC 
= Indicates Low Power CMOS 
AA 
= 1.8V 
LV 
= Low Voltage 
HC 
= High Speed 
LCS = Low Power Secur~y 


27C256T·15VJ 
PIC16C54·RCVSO 
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SECTION 1: HERMETIC 


A. 
ceramic Side Brazed Dual In-line Package ("0" Case Outlines) 
Symbol List for Side Brazed Package Parameters 
11-1-1 


8-Lead, Side Brazed, 300 mil 
11-1-2 
14-Lead, Side Brazed, 300 mil 
11-1-3 
16-Lead, Side Brazed, 300 mil 
11-1-4 
18-Lead, Side Brazed, 300 mil 
11-1-5 


22-Lead, Side Brazed, 400 mil 
11-1-6 


24-Lead, Side Brazed, 600 mil 
11-1-7 


24-Lead, Side Brazed, 600 mil, Window 
11-1-8 


28-Lead, Side Brazed, 600 mil 
11-1-9 


28-Lead, Side Brazed, 600 mil, Window 
11-1-10 


4o-Lead, Side Brazed, 600 mil 
11-1-11 


4o-Lead, Side Brazed, 600 mil, Window 
11-1-12 


48-Lead, Side Brazed, 600 mil 
11-1-13 


B. 
ceramic cerdip Dual In-line Package ("J, JW, SJ" Case Outlines) 
Symbol List for Cerdip Dual In-Line Package Parameters 
11-1-14 


8-Lead, Cerdip, 300 mil 
11-1-15 
16-Lead, Cerdip, 300 mil 
11-1-16 
18-Lead, Cerdip, 300 mil 
11-1-17 


18-Lead, Cerdip, 300 mil, Window 
11-1-18 
22-Lead, Cerdip, 400 mil 
11-1-19 


24-Lead, Cerdip, 300 mil 
11-1-20 


24-Lead, Cerdip, 300 mil, Window 
11-1-21 


24-Lead, Cerdip, 600 mil 
11-1-22 


24-Lead, Cerdip, 600 mil, Window 
11-1-23 


28-Lead, Cerdip, 600 mil 
11-1-24 
28-Lead, Cerdip, 600 mil, Window 
11-1-25 


40-Lead, Cerdip, 600 mil 
11-1-26 


4o-Lead, Cerdip, 600 mil, Window 
11-1-27 


C. 
Ceramic F1atpack 
Symbol List for Ceramic Flatpack Package Parameters 
11-1-28 


28-Lead ........................................................................................•........................................ 
11-1-29 


O. 
Ceramic Leadless Chip Carrier (Surface Mount Package, "K" Case Outlines) 
Symbol List for Ceramic Leadless Chip Carrier Package Parameters 
11-1-30 


28-Lead (Square) 
11-1-31 


28-Lead, Window (Square) 
11-1-32 


32-Lead (Rectangle) 
11-1-33 


32-Lead, FRIT (Rectangle) 
11-1-34 


32-Lead, Window (Rectangle) 
11-1-35 


32-Lead, FRIT Window (Rectangle) 
11-1-36 
44-Lead (Square) 
11-1-37 


E. 
Ceramic Leaded Chip Carrier (Surface Mount Package, "JL" Case Outlines) 
Symbol List for Ceramic Leaded Chip Carrier Package Parameters 
11-1-38 


68-Lead (Window) 
, 
11-1-39 


84-Lead (Window) 
11-1-40 •• 


A. 
Plastic Dual In-Line Package ("P, SP" Case Outlines) 


Symbol List for Plastic Dual In-Line Package Parameters ..................................•................. 
11-2-1 
8-Lead, 300 mil 
11-2-2 
14-Lead, 300 mil ..........................................................................................•......................... 
11-2-3 


16-Lead, 300 mil ...................................•................................................................................ 
11-2-4 


18-Lead, 300 mil 
11-2-5 
22-Lead, 400 mil ....................................................................................................•............... 
11-2-6 


24-Lead, 600 mil ..............................................................................................•..................... 
11-2-7 


24-Lead, 300 mil 
11-2-8 


28-Lead, 300 mil .....................••..............................................................................•.............. 
11-2-9 


28-Lead, 600 mil ..............................................•..................................................................... 
11-2-10 


4Q-Lead, 600 mil ..........•...•..••...••........................................................•.....•..•...........•........•..... 
11-2-11 


48-Lead, 600 mil •.............................•....•....•..•......•..........•.•...•..•....•••..••..•.....•........•.•.............. 
11-2-12 


B. 
Plastic Leaded Chip Carrier (Surface Mount, "L" Case Outlines) 
Symbol List for Plastic Leaded Chip Carrier Package Parameters ........•................•..•.......... 
11-2-13 


28-Lead (Square) ..................•.....................•..•........................•....•......•..•.......••.............•.....•• 
11-2-14 


32-Lead (Rectangle) .....•..........•.•...•...............................••............•..............•..•...................•... 
11-2-15 


44-Lead (Square) •.................................................•...........•..•........•........••.....••••..•..••..•..•....... 
11-2-16 


68-Lead (Square) •............................................................•.............•.....•....•......•......•......•...... 
11-2-17 


84-Lead (Square) •......•............•..................................................................................•.......... 
11-2-18 


C. 
Plastic Small Outline (SOIC) (Surface Mount, "SN, SL, SM, SW, SO" Case Outlines) 
Symbol List for Plastic Small Outline Package Parameters ........................................•..•...... 
11-2-19 


8-Lead, 150 mil (Body) .........................................................................•........•.................•..•.. 
11-2-20 


8-Lead, 200 mil (Body) ....................•....•..............•............•......•......•...•........•.........•.........•..•.. 
11-2-21 


14-Lead, 150 mil (Body) .................................................................................•...•.................. 
11-2-22 
18-Lead, 300 mil (Body) 
11-2-23 


24-Lead, 300 mil (Body) .............•.......................................................................................... 
11-2-24 


28-Lead, 300 mil (Body) ...............................................................•.........................••.•...•....... 
11-2-25 


28-Lead,33O mil (Body) 
11-2-26 


D. 
Plastic Shrink Small Outline (SSOP) (Surface Mount "SS" Case Outlines) 
Symbol List for Plastic Shrink Small Outline Package Parameters 
11-2-27 


2Q-Lead, 209 mil Body (5.30mm) ...................................................................................•...... 
11-2-28 


28-Lead, 209 mil Body (5.30mm) 
11-2-29 


E. 
Plastic Thin Small Outline (TSOP) and Very Small Outline (VSOP) 
(Surface Mount, "TS" and "VS" Case Outlines) 
Symbol List for Thin and Very Small Outline Package Parameters ..........•........................... 
11-2-30 


28-Lead, (8 x 20mm) TSOP Type I ...............•................................•..•................................... 
11-2-31 
28-Lead, (8 x 13mm) VSOP Type I ......................................•.....................•..•....................•.. 
11-2-32 


F. 
Plastic Metric Quad Flatpack (MQFP) (Surface Mount, "PQ" Case Outlines) 
Symbol List for Plastic Metric Quad Flatpack Package Parameters 
11-2-33 


44-Lead, (10x10mm) Body 1.610.15mm .....................................................•.............••........... 
11-2-34 • 
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Symbol List for Ceramic Side Brazed Dual In-line Package Parameters 


Symbol 
Description of Parameters 


a. 
AngUlar spacing between min. and max. lead positions measured at the gauge plane 


A 
Distance between seating plane to highest point of body (lid) 


A1 
Distance between seating plane and base plane 


A2 
Distance from base plane to highest point of body (lid) 


A3 
Base body thickness 


B 
Width of terminal leads 


B1 
Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 


C 
Thickness of terminal leads 


0 
Largest overall package parameter of length 


01 
Body length parameter - end lead center to end lead center 


E 
Largest overall package width parameter outside of lead 


E1 
Body width parameters not including leads 


eA 
Linear spacing of true minimum lead position center line to center line 


es 
Linear spacing between true lead position outside of lead to outside of lead 


e1 
Linear spacing between center lines of body standoffs (terminal leads) 


L 
Distance from seating plane to end of lead 


N 
Total number of potentially usable lead positions 


S 
Distance from true position center line of Number 1 lead to the extremity of the body 


Sl 
Distance from other end lead edge positions to the extremity of the body 


Notes: 
1. Controlling parameter: 
inches. 
2. Parameter "e," ("eO)is non-cumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "B," is nominal. 
• 


Packaging Diagrams and Parameters 


N 
[]iTT 
a_: 


Pin No.1 _ 
1.1-1 
,:' 
eA 


Indicator 
~ 
I. ~ 
es 
~ 
Area 
r--- 
s~OS1_·I_~ 
Base 


Plane'---. 
~ 


Seating 
- 
I 
_ 
I _ 


Plane 
II III 
I 
L 
:' 
:111r-=~.,I'=-r "'" A'" 
~01-1 


Package Group: 
Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
0° 
10° 
0° 
10° 


A 
3.302 
3.937 
0.130 
0.155 


A1 
0.635 
1.143 
0.025 
0.045 


A2 
2.032 
2.794 
0.080 
0.110 


A3 
1.778 
2.413 
0.070 
0.095 


8 
0.4064 
0.508 
0.016 
0.020 


81 
1.3716 
1.3716 
Typical 
0.054 
0.054 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


0 
13.0048 
13.4112 
0.512 
0.528 


01 
7.4168 
7.8232 
Reference 
0.292 
0.308 
Reference 


E 
7.5692 
8.2296 
0.298 
0.324 


E1 
7.112 
7.620 
0.280 
0.300 


e1 
2.540 
2.540 
Typical 
0.100 
0.100 
Typical 


eA 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


es 
7.620 
9.652 
0.300 
0.380 


L 
3.302 
3.810 
0.130 
.150 


N 
8 
8 
8 
8 


S 
2.540 
3.048 
0.100 
0.120 


S1 
0.127 
- 
.005 
- 


.~:€~ 
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Ar... S----j~D 
S, 
b 
! J ! 
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1 
.... 


Plane ""'---. 
I 
f 
Seating 
__ 
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I 
:.:.,.f_-_-_-_~_----~ 


Plan. 
I 
I 
L 
1 
I 
T 
I 
:' 
. I~- 
0, 
." 
: ••==-r 
A, 
Aa A Aa 


Peck_g. 
Olroup: 
C.r.rnlc 
Sid_ 
Br.z.-d 
Duel 
In-lIn_ 
(CER) 
MIII••.n.'••.• 
Inch•• 
Symbol 
Mln 
Max 
Not._ 
Mln 
M.x 
Not •• 


a 
O' 
10' 
O' 
10' 


A 
3.302 
4.064- 
01"0 
0,..,.. 


A, 
0.635 
1..,43 
0.025 
0.045 
A. 
2.032 
2.794- 
o.oeo 
0."'0 
Aa 
1.778 
2.413 
0.070 
0.095 
e 
0.4-064- 
0.5OB 
0.016 
0.020 
e, 
1.270 
1.270 
Typlo.' 
0.050 
0.060 
Typic.' 
C 
0.2032 
0.3048 
TVDlo.' 
o.ooe 
0.012 
TVDlc.1 


0 
18.796 
19.2278 
0.740 
0.757 
0, 
15.0368 
15.4432 
Re#.r_noe 
0.592 
0.6oB 
R.~.r.nce 
e 
7.620 
8.382 
0.300 
0.330 
e, 
7.0612 
7.5692 
0.278 
0.29B 
., 
2.3622 
2.7432 
Typlo_' 
0.093 
0.108 
Typic.' 
•... 
7.366 
7.874- 
Aefer_nce 
0.290 
0.3'10 
R.ference 


.s 
7.620 
9.652 
0.300 
0.380 
L 
:3 175 
4.191 
0.125 
0"165 


N 
14 
14 
14 
14 


S 
2.4892 
0.098 


S, 
0.127 
- 
0.005 
- 
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Packaae GrouD: Ceramic Side Brazed Dual In-line lCER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


0. 
00 
100 
00 
100 


A 
3.302 
4.064 
0.130 
0.160 


Al 
0.635 
1.143 
0.025 
0.045 


A2 
2.032 
2.794 
0.080 
0.110 


A3 
1.778 
2.413 
0.070 
0.095 


8 
0.4064 
0.508 
0.016 
0.020 


81 
1.3716 
1.3716 
Typical 
0.054 
0.054 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


0 
19.812 
20.574 
0.780 
0.810 


01 
17.653 
17.907 
Reference 
0.695 
0.705 
Reference 


E 
7.620 
8.382 
0.300 
0.330 


E1 
7.1628 
7.4676 
0.282 
0.294 


e1 
2.413 
2.667 
Typical 
0.095 
0.105 
Typical 


eA 
7.366 
7.874 
Reference 
0.290 
0.310 
Reference 


es 
7.620 
9.652 
0.300 
0.380 


L 
3.175 
4.191 
0.125 
0.165 


N 
16 
16 
16 
16 


S 
- 
2.032 
- 
0.080 


S1 
0.127 
- 
0.005 
- 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


CJ. 
0° 
10° 
0° 
10° 


A 
3.302 
4.064 
0.130 
0.160 


A1 
0.635 
1.143 
0.025 
0.045 


A2 
2.032 
2.794 
0.080 
0.110 


A3 
1.778 
2.413 
0.070 
0.095 


B 
0.4064 
0.508 
0.016 
0.020 


6, 
1.3716 
1.3716 
Typical 
0.054 
0.054 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


0 
22.352 
23.114 
0.880 
0.910 


01 
20.193 
20.447 
Reference 
0.795 
0.805 
Reference 


E 
7.620 
8.382 
0.300 
0.330 


E1 
7.0612 
7.5692 
0.278 
0.298 


e1 
2.413 
2.667 
Typical 
0.095 
0.105 
Typical 


eA 
7.366 
7.874 
Reference 
0.290 
0.310 
Reference 


es 
7.620 
9.652 
0.300 
0.380 


L 
3.175 
4.191 
0.125 
0.165 


N 
18 
18 
18 
18 


$ 
- 
2.4892 
- 
0.098 


$, 
0.127 
- 
0.005 
- 
• 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


<X 
0° 
10° 
0° 
10° 


A 
2.667 
4.064 
0.105 
0.160 


A1 
0.7112 
1.2192 
0.028 
0.048 


A2 
2.032 
3.302 
0.080 
0.130 


A3 
1.778 
2.921 
0.070 
0.115 


B 
0.4318 
0.5842 
0.017 
0.023 


B1 
1.016 
1.016 
Typical 
0.040 
0.040 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


D 
27.1526 
27.8638 
1.069 
1.091 


D1 
25.2968 
25.6032 
Reference 
0.992 
1.008 
Reference 


E 
10.160 
10.922 
0.400 
0.430 


E1 
9.7282 
9.9822 
0.383 
0.393 


91 
2.3368 
2.7432 
Typical 
0.092 
0.108 
Typical 


9A 
9.906 
10.414 
Reference 
0.390 
0.410 
Reference 


9S 
10.160 
12.192 
0.400 
0.480 


L 
3.175 
4.191 
0.125 
0.165 


N 
22 
22 
22 
22 


S 
- 
2.032 
- 
0.080 


51 
0.127 
- 
0.005 
- 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


(J. 
0° 
10° 
0° 
10° 


A 
3.048 
4.445 
0.120 
0.175 


Al 
1.016 
1.524 
0.040 
0.060 


A2 
2.032 
2.921 
0.080 
0.115 


A3 
1.778 
2.540 
0.070 
0.100 


6 
0.4064 
0.508 
0.016 
0.020 


61 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


D 
30.1752 
30.7848 
1.188 
1.212 


01 
27.7368 
28.1432 
Reference 
1.092 
1.108 
Reference 


E 
14.986 
16.002 
0.590 
0.630 


El 
14.7828 
14.9352 
0.582 
0.588 


el 
2.3368 
2.7432 
Typical 
0.092 
0.108 
Typical 


eA 
14.986 
15.748 
Reference 
0.590 
0.620 
Reference 


ee 
14.986 
16.256 
0.590 
0.640 


L 
3.302 
4.064 
0.130 
0.160 


N 
24 
24 
24 
24 


5 
- 
2.540 
- 
0.100 


51 
0.127 
- 
0.005 
- 
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Package Group: 
Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
00 
100 
00 
100 


A 
3.048 
4.445 
0.120 
0.175 


A1 
1.016 
1.524 
0.040 
0.060 


A2 
2.032 
2.921 
0.080 
0.115 


Aa 
1.778 
2.540 
0.070 
0.100 


B 
0.4064 
0.508 
0.016 
0.020 


B1 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


0 
30.1752 
30.7848 
1.188 
1.212 


01 
27.7368 
28.1432 
Reference 
1.092 
1.108 
Reference 


E 
14.986 
16.002 
0.590 
0.630 


E1 
14.7828 
14.9352 
0.582 
0.588 


91 
2.3368 
2.7432 
Typical 
0.092 
0.108 
Typical 


9A 
14.986 
15.748 
Reference 
0.590 
0.620 
Reference 


9S 
14.986 
16.256 
0.590 
0.640 


L 
3.302 
4.064 
0.130 
0.160 


N 
24 
24 
24 
24 


8 
- 
2.540 
- 
0.100 


81 
0.127 
- 
0.005 
- 


Packaging Diagrams and Parameters 


I 
0.- .• ." 
C 
/I 
\\ 
~:~ 
D-_~~' 


I trm 


al I ••=r Al 
k3 A A2. 


-----01 
------ 
..••• 
_1 


Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a. 
0° 
10° 
0° 
10° 


A 
3.048 
4.064 
0.120 
0.160 


Al 
1.016 
1.524 
0.040 
0.060 


A2 
2.032 
2.921 
0.080 
0.115 


A3 
1.778 
2.540 
0.070 
0.100 


B 
0.4572 
0.508 
0.018 
0.020 


Bl 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


D 
35.2044 
35.9156 
1.386 
1.414 


D1 
32.8168 
33.2232 
Reference 
1.292 
1.308 
Reference 


E 
14.986 
16.002 
0.590 
0.630 


E1 
14.7828 
15.1892 
0.582 
0.598 


al 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


aA 
14.986 
15.494 
Reference 
0.590 
0.610 
Reference 


as 
14.986 
16.256 
0.590 
0.640 


L 
3.302 
4.064 
0.130 
0.160 


N 
28 
28 
28 
28 


$ 
- 
2.540 
- 
0.100 


$1 
0.127 
- 
0.005 
- 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


ex 
00 
100 
00 
100 


A 
3.048 
4.064 
0.120 
0.160 


A1 
1.016 
1.524 
0.040 
0.060 


A2 
2.032 
2.921 
0.080 
0.115 


Aa 
1.778 
2.540 
0.070 
0.100 


B 
0.4572 
0.508 
0.018 
0.020 


B1 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


0 
35.2044 
35.9156 
1.386 
1.414 


01 
32.8168 
33.2232 
Reference 
1.292 
1.308 
Reference 


E 
14.986 
16.002 
0.590 
0.630 


E1 
14.7828 
15.1892 
0.582 
0.598 


91 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


9A 
14.986 
15.494 
Reference 
0.590 
0.610 
Reference 


9S 
14.986 
16.256 
0.590 
0.640 


L 
3.302 
4.064 
0.130 
0.160 


N 
28 
28 
28 
28 


5 
- 
2.540 
- 
0.100 


51 
0.127 
- 
0.005 
- 
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PackaQe Group: Ceramic Side Brazed Dual In-line ICER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


CJ. 
0° 
10° 
0° 
10° 


A 
3.048 
4.445 
0.120 
0.175 


A1 
1.016 
1.524 
0.040 
0.060 


A2. 
2.032 
2.921 
0.080 
0.115 


A3 
1.829 
2.235 
.072 
.088 


8 
0.4064 
0.508 
0.016 
0.020 


81 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


D 
50.546 
51.308 
1.990 
2.020 


D1 
48.056 
48.463 
Reference 
1.892 
1.908 
Reference 


E 
15.240 
16.256 
0.600 
0.640 


E1 
14.478 
15.748 
0.570 
0.620 


91 
2.3368 
2.7432 
Typical 
0.092 
0.108 
Typical 


9A 
15.240 
15.240 
Reference 
0.600 
0.600 
Reference 


9S 
14.986 
16.256 
0.590 
0.640 


L 
3.302 
4.064 
0.130 
0.160 


N 
40 
40 
40 
40 


5 
- 
2.4892 
- 
0.098 


51 
0.127 
- 
0.005 
- 
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Package Group: Ceramic Side Brazed Dualln·line 
(CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
00 
100 
00 
100 


A 
3.048 
4.445 
0.120 
0.175 


A1 
1.016 
1.524 
0.040 
0.060 


A2 
2.032 
2.921 
0.080 
0.115 


Aa 
1.829 
2.235 
.072 
.088 


8 
0.4064 
0.508 
0.016 
0.020 


81 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


D 
50.546 
51.308 
1.990 
2.020 


D1 
48.056 
48.463 
Reference 
1.892 
1.908 
Reference 


E 
15.240 
16.256 
0.600 
0.640 


E1 
14.478 
15.748 
0.570 
0.620 


91 
2.3368 
2.7432 
Typical 
0.092 
0.108 
Typical 


9A 
15.240 
15.240 
Reference 
0.600 
0.600 
Reference 


9S 
14.986 
16.256 
0.590 
0.640 


L 
3.302 
4.064 
0.130 
0.160 


N 
40 
40 
40 
40 


S 
- 
2.4892 
- 
0.098 


51 
0.127 
- 
0.005 
- 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
0° 
10° 
0° 
10° 


A 
3.048 
4.445 
0.120 
0.175 


A1 
1.016 
1.524 
0.040 
0.060 


A2 
2.032 
2.921 
0.080 
0.115 


A3 
1.829 
2.235 
0.072 
0.088 


B 
0.4064 
0.508 
0.016 
0.020 


B1 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2286 
0.3048 
Typical 
0.009 
0.012 
Typical 


0 
60.3504 
61.5696 
2.376 
2.424 


01 
58.2168 
58.6232 
Reference 
2.292 
2.308 
Reference 


E 
15.240 
16.256 
0.600 
0.640 


E1 
14.478 
15.748 
0.570 
0.620 


91 
2.3368 
2.7432 
Typical 
0.092 
0.108 
Typical 


9A 
15.240 
15.290 
Reference 
0.600 
0.600 
Reference 


ge 
14.986 
16.256 
0.590 
0.640 


L 
3.302 
4.064 
0.130 
0.160 


N 
48 
48 
48 
48 


5 
- 
2.4892 
- 
0.100 


51 
0.127 
- 
0.005 
- 
• 


Packaging Diagrams and Parameters 


Symbol List for Ceramic Cerdip Dual In-line Package Parameters 


Symbol 
Description of Parameters 
a 
Angular spacing between min. and max. lead positions measured at the gauge plane 


A 
Distance between seating plane to highest point of body (lid) 


A1 
Distance between seating plane and base plane 


A2 
Distance from base plane to highest point of body (lid) 


A3 
Base body thickness 


B 
Width of terminal leads 


Bl 
Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 


C 
Thickness of terminal leads 


0 
Largest overall package parameter of length 


01 
Body length parameter - end lead center to end lead center 


E 
Largest overall package width parameter outside of lead 


E1 
Body width parameters not including leads 


eA 
Linear spacing of true minimum lead position center line to center line 


es 
Linear spacing between true lead position outside of lead to outside of lead 


e1 
Linear soacina between center lines of body standoffs (terminalleadsl 


L 
Distance from seating plane to end of lead 


N 
Total number of potentially usable lead positions 


S 
Distance from true position center line of Number 1 lead to the extremity of the body 


S1 
Distance from other end lead edge positions to the extremity of the body 


Notes: 
1. Controlling parameter: 
inches. 


2. Parameter "e," ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "B," is nominal. 
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Package Group: Ceramic Cerdil 
Dual In-line (CDP\ 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


0. 
00 
100 
00 
100 


A 
- 
5.080 
- 
0.200 


A1 
0.381 
1.524 
0.015 
0.060 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5843 
0.014 
0.023 


B1 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
9.398 
10.287 
0.370 
0.405 


Dl 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
7.620 
8.255 
0.300 
0.325 


E1 
5.588 
7.874 
0.220 
0.310 


el 
2.540 
2.540 
Typical 
0.100 
0.100 
Typical 


eA 
7.366 
8.128 
Referemce 
0.290 
0.320 
Reference 


ea 
7.620 
10.160 
0.300 
0.400 


L 
3.175 
3.810 
0.125 
0.150 


N 
8 
8 
8 
8 


S 
0.508 
1.397 
0.020 
0.055 


Sl 
0.381 
1.270 
0.015 
0.050 


l1li 
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Package Group: Ceramic Cerdip Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
00 
100 
00 
100 


A 
4.191 
5.080 
0.165 
0.200 


A1 
0.381 
1.524 
0.015 
0.060 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


6 
0.3556 
0.5842 
0.014 
0.023 


61 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.Q15 
Typical 


0 
19.050 
20.320 
0.750 
0.800 


01 
17.780 
17.780 
Referenca 
0.700 
0.700 
Reference 


E 
7.493 
8.255 
0.295 
0.325 


E1 
5.588 
7.874 
0.220 
0.310 


e1 
2.540 
2.540 
Typical 
0.100 
0.100 
Typical 


eA 
7.366 
8.128 
Reference 
0.290 
0.320 
Reference 


ee 
7.62 
10.160 
0.300 
0.400 


L 
3.175 
3.810 
0.125 
0.150 


N 
16 
16 
16 
16 


S 
5.08 
1.397 
0.020 
0.055 


S1 
0.381 
1.270 
0.015 
0.050 
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Package Group: Ceramic Cerdi 
Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


ex 
0° 
10° 
0° 
10° 


A 
- 
5.080 
- 
0.200 


A1 
0.381 
1.778 
0.015 
0.070 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


B1 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
22.352 
23.622 
0.880 
0.930 


D1 
20.320 
20.320 
Reference 
0.800 
0.800 
Reference 


E 
7.620 
8.382 
0.300 
0.330 


El 
5.588 
7.874 
0.220 
0.310 


e1 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


eA 
7.366 
8.128 
Typical 
0.290 
0.320 
Typical 


es 
7.62 
10.160 
0.300 
0.400 


L 
3.175 
3.810 
0.125 
0.150 


N 
18 
18 
18 
18 


S 
.508 
1.397 
0.020 
0.055 


S1 
0.381 
1.270 
0.015 
0.050 
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Package Type: 18·Lead Cerdip Dual In-line with Window (300 mil) 
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Package Group: Ceramic Cerdi 
Oualln-Iine 
(COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
0° 
10° 
0° 
10° 


A 
- 
5.080 
- 
0.200 


Al 
0.381 
1.7780 
0.015 
0.070 


A2 
3.810 
4.699 
0.150 
0.185 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


Bl 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
22.352 
23.622 
0.880 
0.930 


01 
20.320 
20.320 
Reference 
0.800 
0.800 
Reference 


E 
7.620 
8.382 
0.300 
0.330 


El 
5.588 
7.874 
0.220 
0.310 


91 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


9A 
7.366 
8.128 
Typical 
0.290 
0.320 
Typical 


9S 
7.620 
10.160 
0.300 
0.400 


L 
3.175 
3.810 
0.125 
0.150 


N 
18 
18 
18 
18 


S 
0.508 
1.397 
0.020 
0.055 


SI 
0.381 
1.270 
0.015 
0.050 
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PackaQe Group: Ceramic Cerdil 
Dual In-line (CDPl 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


(J. 
00 
100 
00 
100 


A 
- 
5.715 
- 
0.225 


A1 
0.381 
1.778 
0.015 
0.070 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


B1 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
26.670 
27.940 
1.050 
1.100 


D1 
25.400 
25.400 
Reference 
1.000 
1.000 
Reference 


E 
10.160 
10.922 
0.400 
0.430 


E1 
8.890 
10.414 
0.350 
0.410 


e1 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


eA 
9.906 
10.668 
Typical 
0.390 
0.420 
Typical 


es 
10.160 
12.700 
0.400 
0.500 


L 
3.175 
3.810 
0.125 
0.150 


N 
18 
18 
22 
22 


5 
- 
1.270 
- 
0.050 


51 
0.127 
1.270 
0.005 
0.050 
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Packaae GrouD: Ceramic Cerdil 
Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


0. 
O· 
10· 
O· 
10· 


A 
- 
5.715 
- 
0.225 


Al 
0.381 
1.905 
0.015 
0.075 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


Bl 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.203 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
31.115 
32.385 
1.225 
1.275 


Dl 
27.940 
27.940 
Reference 
1.100 
1.100 
Reference 


E 
7.620 
8.382 
0.300 
0.330 


E1 
5.588 
7.874 
0.220 
0.310 


91 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


9A 
7.366 
8.128 
Typical 
0.290 
0.320 
Typical 


98 
7.62 
11.43 
0.300 
0.450 


L 
3.175 
3.810 
0.125 
0.150 


N 
24 
24 
24 
24 


5 
1.016 
2.286 
0.040 
0.090 


51 
0.381 
1.778 
0.015 
0.070 
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Package Group: Ceramic Cerdh Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


0. 
0° 
10° 
0° 
10° 


A 
- 
5.715 
- 
0.225 


A1 
0.381 
1.905 
0.015 
0.Q75 


A2 
3.810 
4.699 
0.150 
0.185 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


B1 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
31.115 
32.385 
1.225 
1.275 


D1 
27.940 
27.940 
R6ference 
1.100 
1.100 
Reference 


E 
7.620 
8.382 
0.300 
0.330 
E1 
5.588 
7.874 
0.220 
0.310 


91 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


9A 
7.366 
8.128 
Typical 
0.290 
0.320 
Typical 


eB 
7.620 
11.43 
0.300 
0.450 


L 
3.175 
3.810 
0.125 
0.150 


N 
24 
24 
24 
24 


S 
1.016 
2.286 
0.040 
0.090 


Sl 
0.381 
1.778 
0.015 
0.070 
• 
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Package Group: Ceramic Cerdi~ Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


ex 
0° 
10° 
0° 
10° 


A 
- 
5.715 
- 
0.225 


Al 
0.381 
1.905 
0.015 
0.075 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


8 
0.3556 
0.5842 
0.014 
0.023 


81 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.Q15 
Typical 


D 
31.115 
32.385 
1.225 
1.275 


Dl 
27.940 
27.940 
Reference 
1.100 
1.100 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


El 
12.954 
15.240 
0.510 
0.600 


91 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


9A 
14.986 
15.748 
Typical 
0.590 
0.620 
Typical 


9S 
15.240 
18.034 
0.600 
0.710 


L 
3.175 
3.810 
0.125 
0.150 


N 
24 
24 
24 
24 


5 
1.016 
2.286 
0.040 
0.090 


51 
0.381 
1.778 
0.Q15 
0.070 
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Package Group: Ceramic Cerdi 
Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


u 
00 
100 
00 
100 


A 
- 
5.715 
- 
0.225 


A1 
0.381 
1.905 
0.Q15 
0.075 


A2 
3.810 
4.699 
0.150 
0.185 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


B1 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.203 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
31.115 
32.385 
1.225 
1.275 


01 
27.940 
27.940 
Reference 
1.100 
1.100 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


E1 
12.954 
15.240 
0.510 
0.600 


91 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


9A 
14.986 
15.748 
Typical 
0.590 
0.620 
Typical 


as 
15.240 
18.034 
0.600 
0.710 


L 
3.175 
3.810 
0.125 
0.150 


N 
24 
24 
24 
24 


5 
1.016 
2.286 
0.040 
0.090 


51 
0.381 
1.778 
0.015 
0.070 
• 
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Packaae GrouD: Ceramic Cerdil 
Oualln-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


n 
0° 
10° 
0° 
10° 


A 
- 
5.461 
- 
0.215 


A1 
0.381 
1.524 
0.015 
0.060 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


8 
0.3556 
0.5842 
0.014 
0.023 


81 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.Q15 
Typical 


D 
36.195 
37.465 
1.425 
1.475 


D1 
33.020 
33.020 
Reference 
1.300 
1.300 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


E1 
12.954 
15.240 
0.510 
0.600 


91 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


9A 
14.986 
15.748 
Typical 
0.590 
0.620 
Typical 


9S 
15.240 
18.034 
0.600 
0.710 


L 
3.175 
3.810 
0.125 
0.150 


N 
28 
28 
28 
28 


S 
1.016 
2.286 
0.040 
0.090 


$1 
0.381 
1.778 
0.015 
0.070 
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Packaae GrouD: Ceramic Cerdi 
Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


(J. 
00 
100 
00 
100 


A 
- 
5.461 
- 
0.215 


Al 
0.381 
1.524 
0.015 
0.060 


A2 
3.810 
4.699 
0.150 
0.185 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


Bl 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
36.195 
37.465 
1.425 
1.475 


01 
33.020 
33.020 
Reference 
1.300 
1.300 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


El 
12.954 
15.240 
0.510 
0.600 


81 
2.540 
2.540 
Typical 
0.100 
0.100 
Typical 


8A 
14.986 
15.748 
Reference 
0.590 
0.620 
Reference 


8S 
15.240 
18.034 
0.600 
0.710 


L 
3.175 
3.810 
0.125 
0.150 


N 
28 
28 
28 
28 


5 
1.016 
2.286 
0.040 
0.090 


51 
0.381 
1.778 
0.015 
0.070 
• 


PackaQe Group: Ceramic Cerdi~Oualln-Iine 
(COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
0° 
10° 
0° 
10° 


A 
4.318 
5.715 
0.170 
0.225 


A1 
0.381 
1.778 
0.015 
0.070 


A2 
- 
- 
Ref. A3 
- 
- 
Ref. A3 


A3 
3.810 
4.445 
0.150 
0.175 


B 
0.3556 
0.5842 
0.014 
0.023 


B1 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
51.435 
52.705 
2.025 
2.075 


01 
48.260 
48.260 
Reference 
1.900 
1.900 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


E1 
12.954 
15.240 
0.510 
0.600 


a1 
2.540 
2.540 
Typical 
0.100 
0.100 
Typical 


aA 
14.986 
16.002 
Reference 
0.590 
0.630 
Reference 


as 
15.240 
18.034 
0.600 
0.710 


L 
3.175 
3.810 
0.125 
0.150 


N 
40 
40 
40 
40 


8 
1.016 
2.286 
0.040 
0.090 


81 
0.381 
1.778 
0.015 
0.070 
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Package Group: Ceramic Cerdil 
Dual In-line (COP) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


ex 
0° 
10° 
0° 
10° 


A 
4.318 
5.715 
0.170 
0.225 


Al 
0.381 
1.778 
0.D15 
0.070 


A2 
3.810 
4.699 
Ref. A3 
0.150 
0.185 
Ref. A3 


Aa 
3.810 
4.445 
0.150 
0.175 


8 
0.3556 
0.5842 
0.014 
0.023 


81 
1.270 
1.651 
Typical 
0.050 
0.065 
Typical 


C 
0.203 
0.381 
Typical 
0.008 
0.D15 
Typical 


0 
51.435 
52.705 
2.025 
2.075 


01 
48.260 
48.260 
Reference 
1.900 
1.900 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


El 
12.954 
15.240 
0.510 
0.600 


91 
2.540 
2.540 
Reference 
0.100 
0.100 
Reference 


9A 
14.986 
16.002 
Typical 
0.590 
0.630 
Typical 


9S 
15.240 
18.034 
0.600 
0.710 


L 
3.175 
3.810 
0.125 
0.150 


N 
40 
40 
40 
40 


8 
1.016 
2.286 
0.040 
0.090 


81 
0.381 
1.778 
0.015 
0.070 
• 
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Symbol List for Ceramic Flatpack Package Parameters 


Symbol 
Description of Parameters 


A 
Distance between seating plane to highest point of body (lid) 


B 
Width of terminal leads 


C 
Thickness of terminal leads 


0 
Largest overall package parameter of length 


01 
Body length parameter - end lead center to end lead center 


E 
Largest overall package width parameter outside of lead 


E2, E3 
Body width parameters not including leads 


e 
Linear spacing between center lines of body standoffs (terminal leads) 


H 
Other package width parameter 


L 
Distance from package body to end of lead 


N 
Total number of potentially usable lead positions 
a 
Distance between seating plane and lead 


S 
Distance from true position center line of Number 1 lead to the extremity of the body 


S1 
Distance from other end lead edge positions to the extremity of the body 


Notes: 
1. Controlling parameter: 
inches. 


2. Parameter "e1" ("e") is non-eumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameters "B" and "C" are nominal. 
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Packaae Group: Ceramic Flatpack (CFPK) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
2.286 
3.302 
0.090 
0.130 


B 
0.381 
0.4826 
0.015 
0.019 
Typical 


C 
0.0762 
0.1524 
0.003 
0.006 
Typical 
D 
17.780 
18.796 
0.700 
0.740 
D, 
16.3068 
16.7132 
0.642 
0.658 
Reference 


E 
9.652 
10.668 
0.380 
0.420 


E2 
4.572 
- 
0.180 
- 


E3 
0.762 
- 
0.030 
- 
e 
1.270 
1.270 
BSC 
0.050 
0.050 
Typical 


H 
22.352 
29.464 
0.880 
1.160 


L 
6.350 
9.398 
0.250 
0.370 


N 
28 
28 
28 
28 


Q 
0.6604 
1.143 
0.026 
0.045 


5 
0.889 
1.016 
0.035 
0.040 
5, 
0.254 
0.381 
0.010 
0.015 
• 


Packaging Diagrams and Parameters 


Symbol List for Ceramic Leadless Chip Carrier Package Parameters 


Symbol 
Description of Parameters 


A 
Thickness of base body 


A1 
Total package height 


A2 
Distance from base body to highest point of body (lid) 
6 
Width of terminal lead pin 


D 
Largest overall package dimension of length 


D1, E1 
Body length dimension - end lead centerto 
end lead center 


E 
Largest overall package dimension of width 


e 
Linear spacing 


e1 
Linear spacing between edges of true lead positions (of comer terminal lead pads) 
lead comer to lead comer 


h 
Depth of major index feature 


j 
Width of minor index feature 


L 
Distance from package edge to end of effective pad 


N 
Total number of potentially usable lead positions 


Notes: 
1. Controlling dimension: 
inches. 


2. Dimension "e," ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by PC board hole size. 
4. Dimension "6" is nominal. 
5. Comer configuration optional. 
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N 


Pin NO.1 
Indicator 


(size 
and type 
of 
indicator 
may vary) 
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A1 
A 


Package Group: Ceramic 
Leadless 
Chip Carrier (LCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
1.397 
2.159 
0.055 
0.085 


A1 
1.651 
2.540 
0.065 
0.100 


A2 
0.254 
0.381 
0.010 
0.015 


B 
0.5588 
0.7112 
Typical 
0.022 
0.028 
Typical 


0 
11.2268 
11.684 
0.442 
0.460 


01 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
11.2268 
11.684 
0.442 
0.460 


E1 
7.620 
7.620 
Typical 
0.300 
0.300 
Typical 


e 
1.270 
1.270 
Reference 
0.050 
0.050 
Reference 


e1 
0.381 
- 
Typical 
0.015 
- 
Typical 


h 
1.016 
1.016 
Reference 
0.040 
0.040 
Reference 


j 
0.508 
0.508 
Reference 
0.020 
0.020 
Reference 


L 
1.143 
1.397 
Typical 
0.045 
0.055 
Typical 


N 
28 
28 
28 
28 
III 
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Packaqe Group: Ceramic Leadless Chip Carrier (LCC) 
Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
1.397 
2.159 
0.055 
0.085 


A1 
2.286 
2.540 
0.090 
0.100 


A2 
0.889 
1.143 
0.035 
0.045 


B 
0.5588 
0.7112 
Typical 
0.022 
0.028 
Typical 


D 
11.2268 
11.684 
0.442 
0.460 


D1 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
11.2268 
11.684 
0.442 
0.460 


E1 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


e 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


e1 
0.381 
- 
Typical 
0.015 
- 
Typical 


h 
1.016 
1.016 
Reference 
0.040 
0.040 
Reference 


j 
0.508 
0.508 
Reference 
0.020 
0.020 
Reference 


L 
1.143 
1.397 
Typical 
0.045 
0.055 
Typical 


N 
28 
28 
28 
28 
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N 


Pin NO.1 
Indicator 
(size 
and type 
of 


indicator 
may vary) 


E 
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Packaae GrouD: Ceramic Leadless ChiD Carrier (LCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
1.397 
2.159 
0.055 
0.085 


Al 
2.54 
3.048 
0.100 
0.120 


A2 
0.254 
0.381 
0.010 
0.015 


B 
0.635 
0.6604 
Typical 
0.025 
0.026 
Typical 


D 
13.716 
14.224 
0.540 
0.560 


Dl 
9.9822 
10.3378 
Reference 
0.393 
0.407 
Reference 


E 
11.2268 
11.6332 
0.442 
0.458 


El 
7.4422 
7.7978 
Reference 
0.293 
0.307 
Reference 


8 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


81 
0.381 
- 
Typical 
0.015 
- 
Typical 


h 
1.016 
1.016 
Reference 
0.040 
0.040 
Reference 


j 
0.508 
0.508 
Reference 
0.020 
0.020 
Reference 


L 
1.143 
1.397 
Typical 
0.045 
0.055 
Typical 


N 
32 
32 
32 
32 


III 
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N 


Pin NO.1 
Indicator 


(size 
and type of 
indicator 
may vary) 
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Package Group: Ceramic Leadless Chip Carrier (LCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
1.397 
2.159 
0.055 
0.085 


A1 
2.286 
3.302 
0.090 
0.130 


A2 
0.635 
1.143 
0.025 
0.045 


B 
0.5588 
0.7112 
Typical 
0.022 
0.028 
Typical 


D 
13.716 
14.224 
0.540 
0.560 


D1 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
11.2268 
11.6332 
0.442 
0.458 


E1 
10.160 
10.160 
Reference 
0.400 
0.400 
Reference 


e 
1.270 
1.270 
Reference 
0.050 
0.050 
Reference 


e1 
0.381 
- 
Typical 
0.015 
- 
Typical 


h 
1.016 
1.016 
Reference 
0.040 
0.040 
Reference 


j 
0.508 
0.508 
Reference 
0.020 
0.020 
Reference 


L 
1.143 
1.397 
Typical 
0.045 
0.055 
Typical 


N 
32 
32 
32 
32 
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Packaae GrOUD:Ceramic Leadless ChiD Carrier lLCC\ 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
1.397 
2.159 
0.055 
0.085 


A1 
2.286 
3.302 
0.090 
0.130 


A2 
0.889 
1.143 
0.035 
0.045 


B 
0.5588 
0.7112 
Typical 
0.022 
0.028 
Typical 


0 
13.716 
14.224 
0.540 
0.560 


01 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
11.2268 
11.6332 
0.442 
0.458 


El 
10.160 
10.160 
Reference 
0.400 
0.400 
Reference 


e 
1.270 
1.270 
Reference 
0.050 
0.050 
Reference 


e1 
0.381 
- 
Typical 
0.015 
- 
Typical 


h 
1.016 
1.016 
Reference 
0.040 
0.040 
Reference 


j 
0.508 
0.508 
Reference 
0.020 
0.020 
Reference 


L 
1.143 
1.397 
Typical 
0.045 
0.055 
Typical 


N 
32 
32 
32 
32 
• 
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Package Group: Ceramic Leadless Chip Carrier (LCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
1.397 
2.159 
0.055 
0.085 


A1 
2.286 
3.302 
0.090 
0.130 


A2 
0.889 
1.143 
0.035 
0.045 


B 
0.5588 
0.7112 
Typical 
0.022 
0.028 
Typical 


0 
13.716 
14.224 
0.540 
0.560 


01 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
11.2268 
11.6332 
0.442 
0.458 


El 
10.160 
10.160 
Reference 
0.400 
0.400 
Reference 
e 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 
el 
0.381 
- 
Typical 
0.Q15 
- 
Typical 


h 
1.016 
1.016 
Reference 
0.040 
0.040 
Reference 


j 
0.508 
0.508 
Reference 
0.020 
0.020 
Reference 


L 
1.143 
1.397 
Typical 
0.045 
0.055 
Typical 


N 
32 
32 
32 
32 
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N 


Pin NO.1 
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(size and type of 
indicator may vary) 
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Package Group: Ceramic Leadless ChiD Carrier (LCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
1.3716 
2.0828 
0.054 
0.082 


A1 
1.778 
3.048 
0.070 
0.120 


A2 
0.254 
1.143 
0.010 
0.045 


B 
0.5842 
0.7112 
Typical 
0.023 
0.028 
Typical 


D 
16.256 
16.8148 
0.640 
0.662 


D1 
12.700 
12.700 
Reference 
0.500 
0.500 
Reference 


E 
16.256 
16.8148 
0.640 
0.662 


E1 
12.700 
12.700 
Reference 
0.500 
0.500 
Reference 


e 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


e1 
0.381 
- 
Typical 
0.Q15 
- 
Typical 


h 
1.016 
1.016 
Reference 
0.040 
0.040 
Reference 


j 
0.508 
0.508 
Reference 
0.020 
0.020 
Reference 


L 
1.143 
1.397 
Typical 
0.045 
0.055 
Typical 


N 
44 
44 
44 
44 
• 
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Symbol List for Ceramic Leaded Chip Carrier Package Parameters 


Symbol 
Description of Parameters 


A 
Distance from seating plane to highest point of body 


Al 
Distance from lead shoulder to seating plane 
cp 
Seating plane coplanarity 


DIE 
Outside dimension 


Dl/E1 
Body dimension 


D2IE2 
Footprint 


D3IE3 
Footprint 


LT 
Lead thickness 


N 
Total number of potentially usable lead positions 


Nd 
Total number of leads on short side (rectangular) 


Ne 
Total number of leads on long side (rectangular) 


All dimensions and tolerances conform to ANSI 
Y14.5M-1982. 
Datum planet!ijlocated 
at top of parting line and 
coincident with top of lead. Where lead exits 
body. 
Datums ID--EIand IF-<31to be determined where 
center leads exit body at datum PI~. 
To be determined at seating plane -C- . 
Transition is optional. 
Square: 
Details of pin 1 identifier are optional but 
must be located within one of the two zones 
indicated. 
Rectangle: 
Details of pin 1 identifier are optional 
but must be located within zone indicated. 
If the 
number of terminals on a side is odd, terminal 1 
is the center terminal. 


7 
Location to datums~and~to 
be 
determined at planet!ij. 


8 
All dimensions and tolerances include lead 
trim offset and lead finish. 


9 
These two dimensions determine maxi- 
mum angle of the lead for certain socket 
applications. 
If unit is intended to be 
socketed, it is advisable to review these 
dimensions with the socket supplier. 
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Packaae Group: Ceramic Leaded Chip Carrier (CLCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
4.191 
4.699 
.165 
.185 


A1 
2.286 
3.048 
.090 
.120 


D 
24.968 
25.222 
.983 
.993 


D1 
23.9n 
24.333 
.944 
.958 


D2 
22.860 
23.876 
.900 
.940 


OJ 
20.320 
- 
Reference 
.800 
- 
Reference 


E 
24.968 
25.222 
.983 
.993 


El 
23.9n 
24.333 
.944 
.958 


E2 
22.860 
23.876 
.900 
.940 


E3 
20.320 
- 
Reference 
.800 
- 
Reference 


N 
68 
- 
68 
- 


CP 
- 
.1016 
- 
.004 


LT 
.1524 
.2032 
.006 
.008 
• 
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Packaae Group: Ceramic Leaded Chip Carrier (CLCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
4.191 
4.699 
.165 
.185 


Al 
2.286 
3.048 
.090 
.120 


D 
30.048 
30.353 
1.183 
1.195 


Dl 
28.829 
29.591 
1.135 
1.165 


D2 
27.940 
28.956 
1.100 
1.140 


D3 
25.400 
- 
Reference 
1.000 
- 
Reference 


E 
30.048 
30.353 
1.183 
1.195 


E1 
28.829 
29.591 
1.135 
1.165 


E2 
27.940 
28.956 
1.100 
1.140 


E3 
25.400 
- 
Reference 
1.000 
- 
Reference 


N 
84 
- 
84 
- 


CP 
- 
.1016 
- 
.004 


LT 
.1524 
.2032 
.006 
.008 
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Symbol List for Plastic Dual In-line Package Parameters 


Symbol 
Description of Parameters 


(J. 
Angular spacing between min. and max. lead positions measured at the gauge plane 


A 
Distance between seating plane to highest point of body 


A1 
Distance between seating plane and base plane 


A2 
Base body thickness 


8 
Width of terminal leads 


81 
Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 


C 
Thickness of terminal leads 


D 
Largest overall package parameter of length 


D1 
Body length parameter - end lead center to end lead center 


E 
Largest overall package width parameter outside of lead 


E1 
Body width parameters not including leads 


eA 
Linear spacing of true minimum lead position center line to center line 


es 
Linear spacing between true lead position outside of lead to outside of lead 


e1 
Linear spacing between center lines of body standoffs (terminal leads) 


L 
Distance from seatina plane to end of lead 


N 
Total number of potentiallv usable lead positions 


S 
Distance from true position center line of NO.1 lead to the extremity of the body 


Sl 
Distance from other end lead edge positions to the extremity of the body 


Notes: 
1. Controlling parameter: 
inches. 
2. Parameter "e," {"e") is non-cumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "8," is nominal. 
5. Details of pin Number 1 identifier are optional. 
6. Parameters "D + E,' do not include mold flash/protrusions. 
Mold flash or protrusions shall not 
exceed .010 inches. 
• 
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Packaae Group: Plastic Dual In-line CPLAI 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


ex 
00 
100 
00 
100 


A 
- 
4.064 
- 
0.160 


A1 
0.381 
- 
0.015 
- 


A2 
3.048 
3.810 
0.120 
0.150 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.397 
1.651 
0.055 
0.065 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
9.017 
10.922 
0.355 
0.430 


01 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
7.620 
8.255 
0.300 
0.325 


E1 
6.096 
7.112 
0.240 
0.280 


e1 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


eA 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


es 
7.874 
9.906 
0.310 
0.390 


L 
3.048 
3.556 
0.120 
0.140 


N 
8 
8 
8 
8 


S 
0.889 
- 
0.035 
- 


Sl 
0.254 
- 
0.010 
- 
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/I 
II~:- 


Base 
Plane'--.. 


$oatl"" 
~~II~ 
Plane 
I 
:1=1~~ 
_ 


Packaae Group: Plastic Dual In-line (PLA) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


ex 
0° 
10° 
0° 
10° 


A 
- 
4.064 
- 
0.160 


A1 
0.381 
- 
0.015 
- 


A2 
3.048 
3.810 
0.120 
0.150 


8 
0.3556 
0.5588 
0.014 
0.022 


81 
1.524 
1.524 
Reference 
0.060 
0.060 
Reference 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
18.415 
19.431 
0.725 
0.765 


D1 
15.240 
15.240 
Reference 
0.600 
0.600 
Reference 


E 
7.620 
8.255 
0.300 
0.325 


E1 
6.096 
7.112 
0.240 
0.280 


e1 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


eA 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


as 
7.874 
9.906 
0.310 
0.390 


L 
3.048 
3.556 
0.120 
0.140 


N 
14 
14 
14 
14 


8 
0.889 
- 
0.035 
- 


81 
0.127 
- 
0.005 
- 
• 


Packaging Diagrams and Parameters 


Pin NO.1 
Indicator- 


Area 


Tf 
E1 
E 


~ 
--D-_.~ 
lJ 


Base 
~ 
Plana,---- 
~~"':'~~I~--D1--_a-.~!.~ 
A' 
~ 
A 


Package Group: Plastic Dual In-line (PLA) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
0° 
10° 
0° 
10° 


A 
- 
4.064 
- 
0.160 


A1 
0.381 
- 
0.015 
- 


A2 
3.048 
3.810 
0.120 
0.150 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.524 
1.524 
Reference 
0.060 
0.060 
Reference 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
18.923 
19.939 
0.745 
0.785 


D1 
17.780 
17.780 
Reference 
0.700 
0.700 
Reference 


E 
7.620 
8.255 
0.300 
0.325 


E1 
6.096 
7.112 
0.240 
0.280 


a1 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


aA 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


as 
7.874 
9.906 
0.310 
0.390 


L 
3.0480 
3.556 
0.120 
0.140 


N 
16 
16 
16 
16 


5 
0.889 
- 
0.035 
- 
5, 
0.127 
- 
0.005 
- 


Packaging Diagrams and Parameters 


Pin No. 1---.. 
Indicator 
Area 


Packaae Group: Plastic Dual In-line (PLA) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


CJ. 
0° 
10° 
0° 
10° 


A 
- 
4.064 
- 
0.160 


A1 
0.381 
- 
0.015 
- 


A2 
3.048 
3.810 
0.120 
0.150 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.524 
1.524 
Reference 
0.060 
0.060 
Reference 


C 
0.203 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
22.479 
23.495 
0.885 
0.925 


D1 
20.320 
20.320 
Reference 
0.800 
0.800 
Reference 


E 
7.620 
8.255 
0.300 
0.325 


E1 
6.096 
7.112 
0.240 
0.280 


e1 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


eA 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


eB 
7.874 
9.906 
0.310 
0.390 


L 
3.048 
3.556 
0.120 
0.140 


N 
18 
18 
18 
18 


5 
0.889 
- 
0.035 
- 


51 
0.127 
- 
0.005 
- 
• 


Packaging Diagrams and Parameters 
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Packaae GrouD: Plastic Dual In-line (PLAl 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


(J. 
0° 
10° 
0° 
10° 


A 
- 
4.572 
- 
.180 


A1 
0.381 
- 
0.015 
- 


A2 
3.175 
3.810 
0.125 
0.150 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.524 
1.524 
Reference 
0.060 
0.060 
Reference 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
26.670 
28.448 
1.050 
1.120 


01 
25.400 
25.400 
Reference 
1.000 
1.000 
Reference 


E 
9.906 
10.795 
0.390 
0.425 


E1 
8.382 
9.398 
0.330 
0.370 


e1 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


eA 
10.160 
10.160 
Reference 
0.400 
0.400 
Reference 


es 
10.160 
12.192 
0.400 
0.480 


L 
3.048 
3.556 
0.120 
0.140 


N 
22 
22 
22 
22 


S 
0.889 
- 
0.035 
- 


81 
0.127 
- 
0.005 
- 


Packaging Diagrams and Parameters 
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Packaae GrouD: Plastic Dual In-line lPLAl 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a. 
00 
100 
00 
100 


A 
- 
5.080 
- 
0.200 


A1 
0.508 
- 
0.020 
- 


A2 
3.175 
4.064 
0.125 
0.160 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
30.353 
32.385 
1.195 
1.275 


D1 
27.940 
27.940 
Reference 
1.100 
1.100 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


E1 
12.827 
14.224 
0.505 
0.560 


e1 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


eA 
15.240 
15.240 
Reference 
0.600 
0.600 
Reference 


es 
15.494 
17.272 
0.610 
0.680 


L 
3.048 
3.556 
0.120 
0.140 


N 
24 
24 
24 
24 


S 
0.889 
- 
0.035 
- 


S1 
0.127 
- 
0.005 
- 
• 


Packaging Diagrams and Parameters 
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Packaae Group: Plastic Dual In-line Packaae CPLA) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
O· 
10· 
O· 
10· 


A 
- 
4.064 
- 
0.160 


A1 
0.381 
- 
0.015 
- 


A2 
3.048 
3.810 
0.120 
0.150 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.524 
1.524 
Typical 
0.060 
0.060 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
31.242 
32.258 
1.230 
1.270 


01 
27.940 
27.940 
Reference 
1.100 
1.100 
Reference 


E 
7.620 
8.255 
0.300 
0.325 


E1 
6.096 
7.112 
0.240 
0.280 


91 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


9A 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


9B 
7.874 
9.906 
0.310 
0.390 


L 
3.048 
3.556 
0.120 
0.140 


N 
24 
24 
24 
24 
S 
0.889 
- 
0.035 
- 


51 
0.381 
- 
0.015 
- 


Packaging Diagrams and Parameters 
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Package Group: Plastic Dual-In-Line (PLA) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
0° 
10° 
0° 
10° 


A 
3.6322 
4.572 
.143 
.180 


Al 
.381 
- 
.015 
- 


A2 
3.175 
3.556 
.125 
.140 


B 
.4064 
0.5588 
.016 
.022 
Typical 


B1 
1.016 
1.651 
Typical 
.040 
.065 


B2 
.762 
1.016 
4 places 
.030 
.040 
4 places 


B3 
.2032 
.508 
4 places 
.008 
.020 
4 places 


C 
.2032 
.3302 
Typical 
.008 
.013 
Typical 


D 
34.163 
35.179 
1.385 
1.395 


01 
33.02 
33.02 
Reference 
1.300 
1.300 
Reference 


E 
7.874 
8.382 
.310 
.330 


E1 
7.112 
7.493 
.280 
.295 


e1 
2.54 
2.54 
Typical 
.100 
.100 
Typical 


eA 
7.874 
7.874 
Reference 
.310 
.310 
Reference 


eB 
8.128 
9.652 
.320 
.380 


L 
3.175 
3.683 
.125 
.145 


N 
28 
- 
28 
- 


S 
.5842 
1.2192 
.023 
.048 
• 


Packaging Diagrams and Parameters 
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Packaae GrouD: Plastic Dual-in-Line lPLAI 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


(J. 
0° 
10° 
0° 
10° 


A 
- 
5.080 
- 
0.200 


A1 
0.508 
- 
0.020 
- 


A2 
3.175 
4.064 
0.125 
0.160 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.270 
1.778 
Typical 
0.050 
0.070 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
35.052 
37.084 
1.380 
1.460 


D1 
33.020 
33.020 
Reference 
1.300 
1.300 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


E1 
12.827 
13.970 
0.505 
0.550 


91 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


9A 
15.240 
15.240 
Reference 
0.600 
0.600 
Reference 


9S 
15.240 
17.272 
0.600 
0.680 


L 
2.921 
3.683 
0.115 
0.145 


N 
28 
28 
28 
28 


5 
0.889 
- 
0.035 
- 


51 
0.508 
- 
0.020 
- 


Packaging Diagrams and Parameters 
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Package Group: Plastic Dual In-line (PLA) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
00 
100 
00 
100 


A 
- 
5.080 
- 
0.200 


A1 
0.381 
- 
0.015 
- 


A2 
3.175 
4.064 
0.125 
0.160 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.270 
1.778 
Typical 
0.050 
0.070 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


D 
51.181 
52.197 
2.015 
2.055 


D1 
48.260 
48.260 
Reference 
1.900 
1.900 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


E1 
13.462 
13.970 
0.530 
0.550 


e1 
2.489 
2.591 
Typical 
0.098 
0.102 
Typical 


eA 
15.240 
15.240 
Reference 
0.600 
0.600 
Reference 


as 
15.240 
17.272 
0.600 
0.680 


L 
2.921 
3.683 
0.115 
0.145 


N 
40 
40 
40 
40 


S 
1.270 
- 
0.050 
- 


S1 
0.508 
- 
0.020 
- 
• 


Packaging Diagrams and Parameters 
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Packa!le Group: Plastic Dual In-line (PLA) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
00 
100 
00 
100 


A 
- 
5.080 
- 
0.200 


A1 
0.381 
- 
0.015 
- 


A2 
3.175 
4.064 
0.125 
0.160 


B 
0.3556 
0.5588 
0.014 
0.022 


B1 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


C 
0.2032 
0.381 
Typical 
0.008 
0.015 
Typical 


0 
61.468 
62.230 
2.420 
2.450 


01 
58.420 
58.420 
Reference 
2.300 
2.300 
Reference 


E 
15.240 
15.875 
0.600 
0.625 


E1 
13.716 
14.224 
0.540 
0.560 


e1 
2.4892 
2.5908 
Typical 
0.098 
0.102 
Typical 


eA 
15.240 
15.240 
Reference 
0.600 
0.600 
Reference 


eB 
15.240 
17.272 
0.600 
0.680 


L 
2.921 
3.683 
0.115 
0.145 


N 
48 
48 
48 
48 


5 
1.270 
- 
0.050 
- 


51 
0.508 
- 
0.020 
- 


Packaging Diagrams and Parameters 


Symbol 
List for Plastic Leaded Chip Carrier Package Parameters 


Symbol 
Description 
of Parameters 


A 
Distance from seating plane to highest point of body 


A1 
Distance from lead shoulder to seating plane 


CP 
Seating plane coplanarity 


DIE 
Outside dimension 


D1/E1 
Plastic body dimension 


D2IE2 
Footprint 


D3IE3 
Footprint 


LT 
Lead thickness 


N 
Total number of potentially usable lead positions 


Nd 
Total number of leads on short side (rectangular) 


Ne 
Total number of leads on long side (rectangular) 


All dimensions 
and tolerances 
conform to ANSI 
Y14.5M-1982. 
Datum planeHEllocated 
at top of mold parting line 
and coincident with top of lead. Where lead exits 
plasticbo~ 
Datums ~ 
and ~ 
to be determined where 


center leads exit plastic body at datum planeE!El. 
To be determined at seating plane~. 
Transition is optional. 
Plastic body details between leads are optional. 
Dimensions 01 and E1 do not include mold protru- 
sion. Allowable mold protrusion is .254 mml.01 0 in. 
per side. 
Dimensions 0 and E include mold mis- 
match and are determined at parting line. 
Square: 
Details of pin 1 identifier are optional but 
must be located within one of the two zones indi- 
cated. 
Rectangle: Details of pin 1 identifier are optional but 
must be located within zone indicated. 
If the num- 
ber of terminals on a side is odd, terminal 1 is the 
center terminal. 


9 
Location to datumst&land~to 
be deter- 
mined at plane EtE). 
10 
All dimensions and tolerances include lead 
trim offset and lead finish. 


11 
These two dimensions determine maximum 
angle of the lead for certain socket applica- 
tions. If unit is intended to be socketed, it is 
advisable to review these dimensions with 
the socket supplier. 


12 
Controlling dimension: 
inches. 


X 
Sum of dam bar protrusions to be 0.17 (.007) 
max per lead. 


Y 
Feature is not required, but is optional at 
manufacturer's discretion. 


•• 


Packaging Diagrams and Parameters 
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Package Group: 
Plastic Leaded Chip Carrier (PLCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
4.191 
4.572 
0.165 
0.180 


A1 
2.413 
2.921 
0.095 
0.115 


0 
12.319 
12.573 
0.485 
0.495 


01 
11.430 
11.5824 
0.450 
0.456 


D2 
10.414 
10.922 
0.410 
0.430 


D3 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
12.319 
12.573 
0.485 
0.495 


E1 
11.430 
11.5824 
0.450 
0.456 


E2 
10.414 
10.922 
0.410 
0.430 


Ea 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


N 
28 
28 
28 
28 


CP 
- 
0.1016 
- 
0.004 


LT 
0.2032 
0.381 
0.008 
0.015 


Packaging Diagrams and Parameters 
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Package Group: Plastic Leaded ChiD Carrier (PLCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
3.048 
3.556 
0.120 
0.140 


A1 
1.905 
2.413 
0.075 
0.095 


D 
12.319 
12.573 
0.485 
0.495 


Dl 
11.3538 
11.5062 
0.447 
0.453 


D2 
4.826 
5.334 
0.190 
0.210 


D3 
7.620 
7.620 
Reference 
0.300 
0.300 
Reference 


E 
14.859 
15.113 
0.585 
0.595 


El 
13.8938 
14.0462 
0.547 
0.553 


E2 
6.096 
6.858 
0.240 
0.270 


E3 
10.160 
10.160 
Reference 
0.400 
0.400 
Reference 


N 
32 
32 
32 
32 


Nd 
7 
7 
7 
7 


Ne 
9 
9 
9 
9 


CP 
- 
0.1016 
- 
0.004 


LT 
0.2032 
0.381 
0.008 
0.015 
• 


Packaging Diagrams and Parameters 
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Package Group: Plastic Leaded Chip Carrier (PLCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
4.191 
4.572 
0.165 
0.180 


A1 
2.413 
2.921 
0.095 
0.115 


0 
17.399 
17.653 
0.685 
0.695 


01 
16.510 
16.6624 
0.650 
0.656 


02 
15.494 
16.002 
0.610 
0.630 


03 
12.700 
12.700 
Reference 
0.500 
0.500 
Reference 


E 
17.399 
17.653 
0.685 
0.695 


E1 
16.510 
16.6624 
0.650 
0.656 


E2 
15.494 
16.002 
0.610 
0.630 


E3 
12.700 
12.700 
Reference 
0.500 
0.500 
Reference 


N 
44 
44 
44 
44 


CP 
- 
0.1016 
- 
0.004 


LT 
0.203 
0.381 
0.008 
0.015 


Packaging Diagrams and Parameters 
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Package Group: Plastic Leaded Chip Carrier (PLCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
4.191 
4.699 
.165 
.185 


A1 
2.286 
2.794 
.090 
.110 


D 
25.019 
25.273 
.985 
.995 


D1 
24.130 
24.3332 
.950 
.958 


D2 
22.860 
23.622 
.900 
.930 


D3 
20.320 
- 
Reference 
.800 
- 
Reference 


E 
25.019 
25.273 
.985 
.995 


E1 
24.130 
24.3332 
.950 
.958 


E2 
22.860 
23.622 
.900 
.930 


Ea 
20.320 
- 
Reference 
.800 
- 
Reference 


N 
68 
- 
68 
- 


CP 
- 
.1016 
- 
.004 


LT 
.2032 
.254 
0.008 
0.010 
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Package Group: Plastic Leaded Chip Carrier (PLCC) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


A 
4.191 
4.699 
.165 
.185 


A1 
2.286 
2.794 
.090 
.110 


D 
30.099 
30.353 
1.185 
1.195 


D1 
29.210 
29.4132 
1.150 
1.158 


D2 
27.940 
28.702 
1.100 
1.130 


D3 
25.400 
- 
Reference 
1.000 
- 
Reference 


E 
30.099 
30.353 
1.185 
1.195 


E1 
29.210 
29.4132 
1.150 
1.158 


E2 
27.940 
28.702 
1.100 
1.130 


E3 
25.400 
- 
Reference 
1.000 
- 
Reference 


N 
84 
- 
84 
- 


CP 
- 
.1016 
. 
.004 


LT 
.2032 
.254 
.008 
.010 


Symbol 
List for Small Outline Package Parameters 


Symbol 
Description 
of Parameters 


a 
Angular spacing between min. and max. lead positions measured at the gauge plane 


A 
Distance between seating plane to highest point of body 


Al 
Distance between seating plane and base plane 


B 
Width of terminals 


C 
Thickness of terminals 
0 
Largest overall package parameter of length 


E 
Largest overall package width parameter not including leads 


e 
Linear spacing of true minimum lead position center line to center line 


H 
Largest overall package dimension of width 


L 
Length of terminal for soldering to a substrate 


N 
Total number of potentially usable lead positions 


CP 
Seating plane coplanarity 


Notes: 
1. Controlling parameter: 
inches. 
2. All packages are gull wing lead form. 
3. '0' 
and 'E' are reference datums and do not include mold flash or protrusions. 
Mold flash or 
protrusions shall not exceed .006 package ends and .010 on sides. 
4. The chamfer on the body is optional. 
If it is not present, a visual index feature must be located 
within the crosshatched area to indicate pin 1 position. 
5. Terminal numbers are shown for reference. 
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Packaae GrouD: Plastic sOle iSN) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


ex 
0° 
8° 
0° 
8° 


A 
1.3716 
1.7272 
0.054 
0.068 


A' 
0.1016 
0.24892 
0.004 
0.0098 


B 
0.3556 
0.4826 
0.014 
0.019 


C 
0.1905 
0.24892 
0.0075 
0.0098 


D 
4.8006 
4.9784 
0.189 
0.196 


E 
3.810 
3.9878 
0.150 
0.157 


e 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


H 
5.8166 
6.1976 
0.229 
0.244 


h 
0.381 
0.762 
0.Q15 
0.030 


L 
0.508 
1.016 
0.020 
0.040 


N 
8 
8 
8 
8 


CP 
- 
0.1016 
- 
0.004 
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Packaae GrouD: Plastic sOle ISM\ 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
0° 
8° 
0° 
8° 


A 
1.778 
2.032 
0.070 
0.080 


Al 
0.1016 
0.24892 
0.004 
0.0098 


B 
0.3556 
0.4826 
0.014 
0.019 


C 
0.1905 
0.24892 
0.0075 
0.0098 


0 
5.08 
5.334 
0.200 
0.210 


E 
5.1562 
5.4102 
0.203 
0.213 


e 
1.270 
1.270 
Reference 
0.050 
0.050 
Reference 


H 
7.62 
8.382 
0.300 
0.330 


h 
0.381 
0.762 
0.015 
0.030 


L 
0.508 
1.016 
0.020 
0.040 


N 
14 
14 
14 
14 


CP 
- 
0.1016 
- 
0.004 
•• 
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Packaae GrouD: Plastic sOle ISU 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
0° 
8° 
0° 
8° 


A 
1.3716 
1.7272 
0.054 
0.068 


A1 
0.1016 
0.24892 
0.004 
0.0098 


B 
0.3556 
0.4826 
0.014 
0.019 


C 
0.1905 
0.24892 
0.0075 
0.0098 


D 
8.5598 
9.9822 
0.337 
0.393 


E 
3.810 
3.9878 
0.150 
0.157 


e 
1.270 
1.270 
Reference 
0.050 
0.050 
Reference 


H 
5.8166 
6.1976 
0.229 
0.244 


h 
0.381 
0.762 
0.Q15 
0.030 


L 
0.4064 
1.143 
0.016 
0.045 


N 
14 
14 
16 
16 


CP 
- 
0.1016 
- 
0.004 
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Packaae GrouD: Plastic sOle (SO\ 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 
a 
00 
80 
00 
80 


A 
2.3622 
2.6416 
0.093 
0.104 


A, 
0.1016 
0.29972 
0.004 
0.0118 


B 
0.3556 
0.4826 
0.014 
0.019 


C 
0.2413 
0.3175 
0.0095 
0.0125 


0 
11.3538 
11.7348 
0.447 
0.462 


E 
7.4168 
7.5946 
0.292 
0.299 
e 
1.270 
1.270 
Reference 
0.050 
0.050 
Reference 


H 
10.0076 
10.6426 
0.394 
0.419 


h 
0.381 
0.762 
0.Q15 
0.030 


L 
0.4064 
1.143 
0.Q16 
0.045 


N 
18 
18 
18 
18 


CP 
- 
0.1016 
- 
0.004 
III 
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Packaae GrouD: Plastic sOle (50\ 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a. 
0° 
8° 
0° 
8° 


A 
2.3622 
2.6416 
0.093 
0.104 


Al 
0.1016 
0.29972 
0.004 
0.0118 


B 
0.3556 
0.4826 
0.014 
0.019 


C 
0.2413 
0.3175 
0.0095 
0.0125 
0 
15.2146 
15.5956 
0.599 
0.614 


E 
7.4168 
7.5946 
0.292 
0.299 


e 
1.270 
1.270 
Reference 
0.050 
0.050 
Reference 


H 
10.0076 
10.6426 
0.394 
0.419 


h 
0.381 
0.762 
0.015 
0.030 


L 
0.4064 
1.143 
0.016 
0.045 


N 
24 
24 
24 
24 


CP 
- 
0.1016 
- 
0.004 
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Package Group: Plastic sOle (SO) 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


a 
0° 
8° 
0° 
8° 


A 
2.3622 
2.6416 
0.093 
0.104 


A1 
0.1016 
0.2997 
0.004 
0.0118 


B 
0.3556 
0.4826 
0.014 
0.019 
C 
0.2413 
0.3175 
0.0095 
0.0125 


D 
17.7038 
18.0848 
0.697 
0.712 


E 
7.4168 
7.5946 
0.292 
0.299 


e 
1.270 
1.270 
Typical 
0.050 
0.050 
Typical 


H 
10.0076 
10.6426 
0.394 
0.419 


h 
0.381 
0.762 
0.015 
0.030 


L 
0.4064 
1.143 
0.016 
0.045 


N 
28 
28 
28 
28 
CP 
- 
0.1016 
- 
0.004 
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Package Group: Plastic SOIC (SM 


Millimeters 
Inches 


Symbol 
Min 
Max 
Notes 
Min 
Max 
Notes 


CJ. 
0 
8' 
0 
8' 


A 
2.286 
2.6416 
.090 
.104 


A1 
0.1016 
0.2794 
.004 
.011 


B 
0.3556 
0.508 
.014 
.020 


C 
0.2286 
0.3048 
.009 
.012 


D 
17.780 
18.0848 
.700 
.712 


E 
8.636 
8.890 
.340 
.350 


e 
1.27 
1.27 
Reference 
.050 
.050 
Reference 


H 
11.7602 
12.1158 
.463 
.477 


h 
0.254 
0.7366 
.010 
.029 


L 
0.508 
1.0668 
.020 
.042 


N 
28 
28 
28 
28 


CP 
- 
0.1016 
- 
0.004 


Packaging Diagrams and Parameters 


Symbol List for Shrink Small Outline Package Parameter 


Symbol 
Description 
of Parameters 


a 
Angular spacing between min. and max. lead pos~ions measured at the gauge plane 


A 
Distance between seating plane to highest point 01 body 


A, 
Distance between seating plane and base plane 


B 
Width 01 terminals 


C 
Thickness of terminals 


D 
Largest overall package parameter 01 length 


E 
Largest overall package width parameter not including leads 


e 
Linear spacing 01 true minimum lead pos~ion center line to center line 


H 
Largest overall package dimension 01 width 


L 
Length 01 terminal lor soldering to a substrate 


N 
Total number 01 potentially usable lead pos~ions 


CP 
Seating plane coplanar~ 


Notes: 
1. 
Controlling 
parameter: 
mm. 


2. 
All packages are gull wing lead form. 


3. 
"D" and "E" are relerence datums and do not include mold Ilash or protrusions. 
Mold flash or protrusions shall not exceed 0.15mm .006 package ends and .010" on sides. 


4. 
A .25mm visual index feature must be located w~in 
the crosshatched 
area to indicate pin 1 pos~ion. 


5. 
Terminal numbers are shown lor relerence. 
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Packaging Diagrams and Parameters 


Package Type: 
20-Lead Plastic Surface Mount 
(SSOP - 209 mil Body 5.30mm) 


Packaae GrOUD: Plastic SSOP 
Millimeters 
Inches 


Symbol 
Mln 
Max 
Notes 
Mln 
Max 
Notes 


a 
0" 
80 
00 
80 


A 
1.73 
1.99 
0.068 
0.078 


A 
0.05 
0.21 
0.002 
0.008 
B 
0.25 
0.38 
0.010 
0.015 


C 
0.13 
0.22 
0.005 
0.009 
D 
7.07 
7.33 
0.278 
0.289 
E 
5.20 
5.38 
0.205 
0.212 
e 
0.65 
0.65 
Reference 
0.0256 
0.0256 
Reference 


H 
7.65 
7.90 
0.301 
0.311 
L 
0.55 
0.95 
0.022 
0.037 
N 
20 
20 
20 
20 
CP 
- 
0.1016 
- 
0.004 


Packaging Diagrams and Parameters 


Package Type: 
28·Lead Plastic Surface Mount 
(SSOP • 209 mil Body 5.30mm) 


Packaae GrOUD: Plastic SSOP 
Millimeters 
Inches 


Symbol 
Mln 
Max 
Notes 
Mln 
Max 
Notes 


a 
00 
80 
00 
80 


A 
1.73 
1.99 
0.068 
0.078 


A 
0.05 
0.21 
0.002 
0.008 
B 
0.25 
0.38 
0.010 
0.015 


C 
0.13 
0.22 
0.005 
0.009 
0 
10.07 
10.33 
0.396 
0.407 


E 
5.20 
5.38 
0.205 
0.212 
e 
0.65 
0.65 
Reference 
0.0256 
0.0256 
Reference 


H 
7.65 
7.90 
0.301 
0.311 


L 
0.55 
0.95 
0.022 
0.037 


N 
28 
28 
28 
28 


CP 
- 
0.1016 
- 
0.004 
III 


Packaging Diagrams and Parameters 


Symbol 
List for Thin Small Outline 
Package 
Parameter 


Symbol 
Description 
of Parameters 
a 
Angular spacing between min. and max. lead positions measured at the guage plane 


A 
Distance between seating plane to highest point of body 


A, 
Distance between seating plane and base plane 


B 
Width of terminals 


C 
Thickness 
of terminals 


D 
Largest overall package parameter of length 


E 
Largest overall package width parameter not including leads 


e 
Linear spacing of true minimum lead position center line to center line 


H 
Largest overall package dimension of width 


L 
Length of terminal for soldering to a substrate 


N 
Total number of potentially useable lead positions 


CP 
Seating plane coplanarity 


Notes: 
1. 
Controlling 
parameter: 
inches. 


2. 
All packages are gull wing lead form. 


3. 
'D' and 'E' are reference datums and do not include mold flash or protrusions. 
Mold flash or protrusions 
shall not exceed .005 per side. 


4. 
A visual index feature must be located within the crosshatched 
area to indicate pin 1 position. 


Packaging Diagrams and Parameters 
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Package Group: Plastic TSOP (TS) 


Millimeters 
Inches 


Symbol 
Mln 
Max 
Notes 
Mln 
Max 
Notes 


ex 
0 
8" 
0 
80 


A 
- 
1.19 
- 
.047 


A, 
0.00 
0.15 
.000 
.006 
B 
0.15 
0.25 
.006 
.010 


C 
0.10 
0.20 
.004 
.008 
0 
7.80 
8.20 
.307 
.323 


E 
18.29 
18.49 
.720 
.728 
e 
.51 
- 
Reference 
.020 
- 
Reference 


H 
19.81 
20.19 
.780 
.795 


- 
- 
- 
l 
0.41 
0.61 
.016 
.024 


N 
28 
28 
28 
28 


CP 
- 
0.1016 
- 
.004 
•• 
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Package Group: Plastic VSOP (VS) 


Millimeters 
Inches 


Symbol 
Mln 
Max 
Notes 
Mln 
Max 
Notes 


lX 
0 
S" 
0 
So 


A 
. 
1.25 
- 
.049 


A, 
0.00 
0.15 
.000 
.006 
B 
0.15 
0.30 
.006 
.012 


C 
0.13 
0.22 
.005 
.0086 
0 
7.90 
8.10 
.311 
.319 
E 
11.70 
11.90 
.461 
.469 
e 
.55 
. 
Reference 
.022 
Reference 
H 
13.10 
13.70 
.516 
.539 
. 
- 
. 
. 


L 
0.30 
0.70 
.012 
.027 


CP 
- 
0.1016 
- 
.004 


Packaging Diagrams and Parameters 


Symbol 
List for Metric 
Plastic 
Quad Flat Pack Package 
Parameters 


Symbol 
Description 
of Parameters 
a 
Angular spacing between min and max lead positions measured at the gauge plane 


A 
Distance between seating plane to highest point of body 


A, 
Distance between seating plane and base plane 
A, 
Distance from base plane to highest point of body 


b 
Width of terminals 


C 
Thickness of terminals 


D,IE, 
Largest overall package parameter including leads 


DIE 
Largest overall package parameter 
including leads 


DfE3 
Center of end lead to center of end lead 


e 
Linear spacing of true minimum lead position center line to center line 


L 
Length of terminal for soldering to a substrate 


N 
Total number of potentially 
usable lead positions 


CP 
Seating plane coplanarity 


1. 
All dimensioning 
and tolerancing 
confonm to 
ANSI Y14, BM-l582. 


2. 
Datum Plane GHJ is located at bottom of hold 
parting line and coincident with bottom of lead, 
where lead exits body. 


3. 
Datumsl&Blan<C5Jto 
be detenmined at Datum 
planeG±]. 
& 
To be detenmined at seating plane ~. 


& 
Dimensions 
D1 and E1 do not include hold 
protrusion. Allowable protrusion is 0.25 mm per 
side. Dimensions D1 and E1 do not include hold 
mismatch and are detenmined at Datum Plane 
lli). 


.& 
Details of pin 1 identifier are optional but must be 
located within the zone indicated. 


& 
These dimensions to be detenmined at Datum 
plane 1±8 


8. 
All dimensions in millimeters. 
& 
Dimension b does not include Dambar protrusion. 
Allowable Dambar protrusion shall be 0.08mm 
total in excess of the b dimension at maximum 
material condition. Dambar cannot be located on 
the lower radius or the lead foot. 


M Exact shape of this feature is optional. 


11. 
N is the number of leads. 
•• 
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Package Type: 44-Lead Plastic Surface Mount 
(MQFP 10x10mm 
Body 1.6/0.15mm 
Lead Form) 


TYP 4X 
A 


EEl 
e~41A 
l.. 


Base~ 
Seating 
Plane 
Plane 
Al 


l"t 
0 


.20min. 


\ 
0.13 R min. 


Package Group: Plastic MQFP 


Millimeters 
Inches 


Symbol 
Mln 
Max 
Notes 
Mln 
Max 
Notes 


IX 
00 
70 
00 
r 


A 
2.00 
2.35 
0.0787 
0.0925 


A, 
0.05 
0.25 
0.0020 
0.0098 
A, 
1.95 
2.10 
0.768 
0.0827 


b 
0.30 
0.45 
Typical 
0.0118 
O.Oln 
Typical 


C 
0.15 
0.18 
.006 
.007 
D 
12.95 
13.45 
0.510 
0.530 


D, 
9.90 
10.10 
0.390 
0.398 


D, 
8.00 
8.00 
Reference 
0.315 
0.315 
Reference 
E 
12.95 
13.45 
0.510 
0.530 


E, 
9.90 
10.10 
0.390 
0.398 
E, 
8.00 
8.00 
Reference 
.315 
.315 
Reference 
e 
0.80 
0.80 
.0315 
.0315 


L 
0.73 
1.03 
.0287 
.0406 


N 
44 
44 
44 
44 


CP 
0.102 
.004 


Devices in DielWafer Form - Non-Volatile Memory 


Microchip Technology 
Inc.'s non-volatile memory de- 


vices are available in wafer form and in die form. All 
products sold as die or wafers have been characterized 
and qualified according to the requirements of Microchip 
Technology Inc. Spec~ications SPI-41014, "Character- 
ization and Qualification 
of Integrated Circuns", and 
QCI-39000, "Worldwide Quality Conformance Require- 
ments·. 


Product supplied in die or wafer form will be 100 percent 
visually inspected to the cmeria defined in Microchip 
Technology 
Inc. Spec~ication, QCI-30014, "Standard 
Visual Inspection Procedure of Dice Prior to Assembly 
for Commercial Products· 


DielWafer thickness is 18 mils or 21 mils depending on 
product. 


Wafers at reduced thicknesses are also available. 


CAUTION 


Some EEPROM products use EEPROM cells for device 
configuration. 
Exposure to uttra-violet light or x-rays 
must be avoided. Exposure to uttra-violet light or x-rays 
may cause the device to operate improperly. 


These products are susceptible to damage from electro- 
static discharge. Extreme care is urged in the handling 
and assembly of these products. 


BONDABILITY 
OF DIE TO 
SUBSTRATE 


Dice are capable of 
bonding either by using a gold 
eutectic bond to a gold plated pedestal containing 60 
micro-inches of gold, or by using an electrically conduc- 
tive adhesive (e.g. epoxy) to any substrate. 


Dice shall be capable of thermosonic gold or ultrasonic 
wire bonding such that the minimum conditions of MIL- 
STD 883, Method 2011 on "Bond Strength (Destructive 
Bond pull Test)" are met. 


Die and wafer back sides are backlapped 
and are 
wnhout any gold coating. 


Dice are guaranteed to fully meet data sheet specifica- 
tions at the commercial temperature 
range of O°C to 
700C. 


The die back side is grounded through contacts internal 
to the part. Thus, n is permitted to float the die mounting 
surface. It is recommended that the die mounting sur- 
face be grounded in multi-chip assemblies. 


Die shipped by Microchip Technology Inc. are placed in 
a "waffle pack" with sufficient cavity area to restrain the 
die while maintaining their orientation. Lint free paper 
inserts are placed over the waffle packs and each pack 
is secured wnh a plastic locking clip. Groups of waffle 
packs are assembled into sets for shipment. A label with 
lot number, quantity, part number and packing date is 
placed on each waffle pack. 


Wafers shipped by Microchip Technology Inc. are sepa- 
rated by lint free paper and dry packed in a shipping 
container of appropriate size which is labeled wnh lot 
_ 
number, quantity, part number and packing date. 
•••• 


All Microchip Technology Inc.'s serial EEPROMs, paral- 
lel EEPROMs and EPROMS are available in die or wafer 
form in the commercial temperature 
range of DOC to 
7DoC. 
Part number suffixes of Is and Iw are used to 
designate devices in die and wafer form, respectively. 


All Microchip Technology Inc.'s die products are sub- 
jected to functional and parametric testing at the wafer 
level. The typical 
EEPROM 
test flow is shown 
in 
Figure 1. 


70°C ELECTRICAL AND 
FUNCTIONAL TEST 


RETENTION BAKE 
5 HOURS @ 250°C 


25°C ELECTRICAL AND 
FUNCTIONAL TEST 
(BAD DIE INKED) 


SAW AND CLEAN DIE 
(N/A FOR WAFER SALES) 


OPTICAL INSPECTION 
(100% VISUAL PER QCI-30014) 


FINISHED GOODS 
INVENTORY 


SECTION 12 
OFFICE LOCATIONS 


Factory Representatives 
12- 
1 
Distributors 
12- 
7 
Factory Sales 
12- 
17 


